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Thesis submitted for the Degree of u «D«
Th is  research  was c a r r ie d  out in  the Anatom ical 
Labora to ry  o r the U n iv e r s it y  o r Edinburgh in  accordance 
w ith  the terms or the Vans Dunlop S cho la rsh ip  in  
Anatomy awarded me in  1908,
The ob ject or the work has been to  study the growth 
and development and genera l h is to lo g y  o r t h is  important 
reg ion  o r the b ra in , and w ith  t h is  o b je c t, where 
p o s s ib le ,  s e r ie s  o r b ra in s  at advancing stages in?' develop­
ment have been examined.
The m a te r ia l in v e s t ig a te d  has been both Human and 
Comparative and w i l l  be d e ta ile d  la t e r .  The g rea test 
a tte n t io n  has been g iven  to the Comparative work and in  
t h is  the .U ngu la tes, Carn ivo res and Rodents r ig u re  
p r in c ip a l ly  as they have been more e a s i ly  ob ta in ab le , 
n e c e s s a r ily  many gaps occur in  the s e r ie s  owing to  the 
d i r r i c u l t y  or o b ta in in g  m a te r ia l but in  the case o r the 
Sheep, P ig  and P e r r e t , the s e r ie s  o r develop ing b ra in s  
i s  p r a c t ic a l ly  complete and embryos of o n ly  a s l ig h t  
d itre re n ce  in  age have been examined. W hile on a 
recen t v i s i t  to the Antipodes, I ob ta ined  many specimen}! 
o r M a rsup ia l and Monotreme b ra in s ,  but u n ro rtu n a te ly  
these were sp o ile d  during  t r a n s i t .
The in te re s t  o r any in v e s t ig a t io n  in to  the O c c ip ita l 
re g io n  o r the b ra in  cen tres p r in c ip a l ly  around the 
V is u a l area and in  the ro llo w in g  paper con s ide rab le  
a tte n t io n  w i l l  be p a id  to  t h is ,  but at the same tim e, 
the s tru c tu re  o r the other p a rts  o r t h is  reg ion  w i l l  
be described  and some reTerence w i l l  be made to the 
development and s tru c tu re  or the Choroid P lexus.
I.
Introductory
Material examined a .
A, Comparative^
1 . Complete s e r ie s  o f develop ing sheep b ra in s  and 
ad u lt sheep. The fo e ta l s e r ie s  beg ins w ith  a 1 ,5  cm 
specimen and ends w ith  one a t f u l l - t im e .  In the e a r ly  
p a rt o f the s e r ie s  specimens have been talcen at in t e r ­
v a ls  o f 1 or 3 c.ms, in  leng th , and then as age advance 
the in te r v a ls  have been in c re a s in g ly  la rg e r  u n t i l  
between the two la s t  o f the s e r ie s  the re  has been a 
d if fe re n ce  o f lOcms.
2. S e r ie s  o f develop ing P ig s  and adu lt p ig  talcen in  th 
same way.
3. Complete s e r ie s  o f deve lop ing P e rre ts  and adu lt 
P e r r e t»
4. Small s e r ie s  o f Cat b ra in s , rang ing  from a 13 cm 
foe tus to  the a d u lt .
5. A du lt Dog,
6 . Short s e r ie s  o f Rabb it b ra in s  rang ing from a 3 cm 
foetus to  the a d u lt .
7. Adu lt Gu inea-p ig .
8. A du lt Mole.
B. Human.
1 . P o e ta l. A se r ie s  extending from the 1 s t .  to the 
end o f the 4 th , month.
A d u lt . The R ight o c c ip i t a l  lobe o f a sub ject whose 
R igh t Eye had been enucleated one .year be fo re  death, 
and the C a lca r in e  reg ion  o f the le f t  lo b e . The O ptic  
Herves, Chiasma and T racts  o f the same b ra in  have
been /
teen  examiner! and the r e s u lt s  are g iven  in  an appendix 
but the work on the C o r t ic a l changes' has not been 
completed in  time to  d e ta i l  in  t h is  paper.
Methods o f E xam ina tion ,
Various methods have been employed 
and numerous d i f f i c u l t i e s  encountered, and a con s ide r­
ab le  time was spent at the commencement o f the work in  
learn ing: methods befo re  r e l ia b le  r e s u lt s  cou ld  be 
ob ta ined .
1 , P re se rv in g  F lu id s . Form alin  5-10 <f3 has been 
m ostly  used. A lco h o l o f va ry in g  streng th  is  a lso  a 
u se fu l p re se rv a t iv e , e s p e c ia l ly  fo r  adu lt b ra in s .
2. Fmbadding. The P a r a f f in  method has been la r g e ly  
employed and though i t  has been s a t is fa c to r y  in  the 
main one has to  recogn ise  th a t con s ide rab le  shrinkage 
o f the t is s u e s  occu rs, which may d e tra c t something from 
the accuracy o f the r e s u l t .
The C e i lo id ln  Method has been used fo r  some o f the 
Human work but the disadvantage as compared w ith  the 
P a ra f f in  method is  i t s  slowness.
The P a r a f f in  b lo cks  have been cut w ith  a M inot and the 
C e l lo id in  w ith  a L :e itz  m icrotome. in  the case o f  the 
e a r ly  members o f a fo e ta l s e r ie s  the b ra in s  have been 
cut in  s e r ia l  se c t io n  and a l l  the se c tio n s  mounted, 
but in  the la rg e r  b ra in s  i t  was found necessary  to  
economise time and m a te r ia l by mounting on ly  every 
ten th  or in  some cases every tw en tie th  s e c t io n . The 
th ickn ess  o f the se c t io n s  has ranged from 7 to  15 
m ic io s  and tue g reat ou lk  have been 10 mm. The se c tio n s
have /
3.
have "been cut In the Coronal or f r o n ta l p lane commencir 
at the t ip  o f the o c c ip it a l  lobes and pass ing  forward 
in  most cases w e ll in to  the p a r ie t a l a rea . In the 
case o f the la rg e r  "brains the exam ination has "been more 
c lo s e ly  r e s t r ic t e d  to  the o c c ip i t a l  lo b e . The d is ­
advantage o f the co rona l method o f se c t io n in g  in  the 
f is s u re d  "brain i s  th a t the se c t io n  is  apt o c c a s io n a lly  
to  cut the g y r i o b liq u e ly  but u s u a lly  i t  cu ts the main 
s u lc i  t ra n sv e rs e ly .
S ta in in g  Methods«
a, C a ja l ’ s s i l ver  method has been la r g e ly  used and 
a f te r  many t r i a l s  o f the v a r io u s  m o d if ic a t io n s , one 
adopted the fo llo w in g  method as be ing  the most r e l ia b le  
and g e n e ra lly  a p p lic a b le
1. Immerse the p ie ces o f b ra in  which should not be 
more than a few m ill im e tre s  th ic k  in  3  ̂ S i lv e r  N it r a te  
s o lu t io n .  The presence o f the v e n t r ic u la r  c a v it y  in  
the case o f the b ra in  perm its o f the use o f comparat­
iv e ly  la rg e  b lo c k s .
3. incubate  at 37° C„ fo r  one week,
3, Wash in  d i s t i l l e d  water t i l l  the t is s u e  is  a l ig h t  
y e llo w ish  brown ( 1 - 5  mins.)
4 , Develop in  P y ro g a ll ic  a c id  form al m ixture  fo r  1 or 
3 days va ry in g  the time -with the th ickn e ss  o f the b lo c k . 
In the case o f the la rg e r  b lo cks  i t  i s  advantageous to  
incubate  at 37° C. fo r  at le a s t  a pa rt o f the tim e .
5, Wash, a f te r  harden in  a lco h o l and mount as u su a l.
Remarks. I t  appears to  make ve ry  l i t t l e  d if fe re n c e
raps—  y vftjr. ■ h la i
whether fre sh  or f ix e d  t is s u e  is  used, and some o f my 
best re s u lt s  have been obta ined w ith  f ix e d  or p a r t ly
f ix e d  /
4.
f ix e d  t is s u e .  The r e s u lt s  are extrem ely v a r ia b le , even 
in  cases where a l l  the co n d it io n s  have been the same 
and the same occurs in  in d iv id u a l se c t io n s  where some 
c e l l s  may be most c le a r ly  de fined  and others m iss the 
s ta in  almost e n t ir e ly .  in  some cases i t  shows a 
g rea te r a f f in i t y  fo r  the n e u ro g lia  than the c e l l s .  
Aga in  sometimes the f ib re s  s ta in  e x c e l le n t ly  w h ile  the 
c e l l s  remain unsta ined . In  genera l adu lt t is s u e  
responds much b e tte r  than fo e ta l.  Much tro u b le  was 
g iven  by the s u p e r f ic ia l  p a rts  becoming o ve r-s ta in ed .
b , The M s  s i  method, in  a m od ified  form has proved
the most r e l ia b le  and g ives e x ce lle n t r e s u lt s .  A f te r
some experim enting the fo llo w in g  method was adopted, 
and can be recommended a3 g iv in g  most s a t is fa c to r y  
r e s u lt s  fo r  e ith e r  p a ra f f in  o r  c e l lo id in  se c t io n s
1 . S ta in  in  T o lu id in  B lue . 1/8J heated to  35°C. 10 to  
20 m inutes.
2. D eco lo r ise  in  A c e t ic  A c id  3j>.
3. Abso lu te  a lco h o l 2 m inutes.
5« Choiorform  2 m inutes.
6. X y lo l .
7, Mount in  Canada Balsam,
0« Haemalum and Bos in  as b u lh  s ta in s  have been used
in  some cases and g ive  good genera l e f fe c t s .
5,
Before proceed ing to  describe  the development o f 
the o c c ip i t a l  reg ion  in  the sheep i t  w i l l  be necessary 
to  g ive  a b r ie f  o u t lin e  o f the f is s u re s  p resen t in  
t h is  area in  the adu lt animal and th e ir  method o f 
development in  the fo e ta l s e r ie s  and to  d iscu ss 
b r ie f l y  the homologies o f the more im portant f is s u re s  
I have s tud ied  the development o f the f is s u re s  
in  the Ungu late b ra in  (sheep and p ig )  in  a la rg e  serie^  
o f f o e t i ,  throughout the whole hemisphere but i t  w i l l  
on ly  be necessary fo r  the purposes o f t h is  paper to  
d iscu ss  those which are p resent in  the o c c ip it a l  
re g io n ,
ln_ the adult_ _sheep
the p r in c ip a l s u lc i  are fou r 
1* The _ C a lo a r ln e - in te rca la ry  or Sp ien ia l-Com p lex .
Th is i s  a ve ry  long  and deep su lcus which l i e s  in  
the m es ia l su rface  about mid-way between the super- 
m es ia l border and the corpus ca llosum . A n te r io r ly  i t  
tu rns upwards and u s u a lly  runs in to  c r u c ia l su lcus at 
the supe rio r border w h ils t  behind i t  bends downwards 
behind the splenium and i t s  lower end is  separated 
from the h inde r end o f another su lcu s , the R h ln ic , 
by a gyrus. Th is i s  one o f the most in te re s t in g  and 
important o f the s u lc i  in  the ungu lates and w i l l  be 
d iscussed  la t e r .  I t  d iv id e s  the h inder end o f the 
m es ia l su rface in to  two la rg e  g y r i„ v iz .  the m arg ina l
and /
and the c a l lo s a l  or gyrus fo rn ic a tu s  and In t h is  la t t e r  
there  is  present in  the adu lt and fu l l - t im e  foetus a 
short and not v e ry  deep su lcu s , which l i e s  p a r a l le l  
to  the long SpLen ia l Complex above the splenium and 
d iv id e s  the g y ru s ' fo rn ic a tu s  in  t h is  reg ion  in to  
two p a rts - -On the la t e r a l  su rface  :-------- -
2. The R h in ic  f is s u re  which is  long and deep and 
extends fa r  bade, forms a w e ll marled boundary between 
the R h in ic  area or P y r ifo rm  lobe  and the o v e r ly in g  
Ueopallium . I t  w i l l  be noted la t e r  th a t t h is  f is s u re  
appears ve ry  e a r ly  and th a t even be fo re  i t  i s  v is ib le  
e x te rn a lly  the h is t o lo g ic a l  d if fe re n ce s  between these 
two great p o rt io n s  o f the b ra in  are w e ll m arled.
3. The L a t e r a l , the p o s te r io r  end o f which l i e s  not 
fa r  from the super-m esia l border where i t  forms a deep 
in d e n ta t io n .
4 . The P o s te r io r  branch o f the Supras.v lv ian , or
post s y lv ia n  as E l l i o t  Smith p re fe rs  to c a l l  i t ,  which 
l i e s  between 2 and 3 ; sa id  to  be c h a ra c te r is t ic  o f 
U ngu la tes ,
Development„
In a 12 cm fo e tu s ,
the R h in ic  f is s u re  has appeared as
a fa in t  curved groove which passes baclwards towards
the p o s te r io r  border o f the hem isphere,
in  a 13 cm foetus
the R h in ic  f is s u re  has become much
deeper and longe r, and in  a m esia l su rface  the S p le n ia l
f is s u re  males i t s  appearance as a short f a in t ,  s l ig h t ly
curved /
8
curved groove ly in g  above the p o s te r io r  p a rt o f the 
corpus ca llo sum .
In  a 16 cm foetus
the s p le n ia l f is s u re  Has become much 
longer and deeper, extends fu r th e r forv/ards and curves 
downwards beh ind. The R h in lc  f is s u re  is  s t i l l  b e tte r  
mar iced, and the L a te ra l has appeared as a sha llow  groov 
near the Supero-m esia l bo rder.
In a 30 cm fo e tu s.
these th ree  s u lc i  have a l l  become
much deeper.
In  a 27 cm foetus.,
these f is s u re s  have a l l  become much 
b e tte r  marked and the s p le n ia l has acqu ired  i t s  adu lt 
upturned a n te r io r  end. Between the L a te ra l and the 
R h in ic  f is s u re s  the p o s te r io r  branch o f the Suprasylv iajn 
has appeared and th e re fo re  at t h is  atage a l l  the fou r 
main s u lc i  o f t h is  reg ion  are w e ll developed and t h is  
i s  an important fa c t in  v iew  o f the development o f the 
co rte x  to  be d e ta ile d  la t e r .
Subsequent to t h is  the p r in c ip a l changes up to 
the adu lt s ta te  co n s is t m a in ly  in  an in crease  in  depth 
and com p lex ity  o f the n e o p a l l ia l s u lc i  which g ive  o f f  
branches, and the appearance between them o f some 
sm a lle r sha llow  su b s id ia ry  f is s u re s .
I t  may here be s ta ted  tha t in  the case o f the 
P ig  fo e ta l s e r ie s  that the development o f the f is s u re s  
begins a l i t t l e  e a r l ie r  (10 cms) and advances at a 
g rea te r pace than in  the sheep fo r  a p ig  o f about 15
or /
or IB eras corresponds ve ry  c lo s e ly  In appearance to a 
slieep o f about SO, and a p ig  o f about SO eras to  a sue 
o f about 27 eras,
C on c lu s ion s«
One may Hence conclude th a t fo r  these two 
Ungulates the most ra p id  growth o f the B e o p a ll ia l 
co rte x  occurs between the stages o f 10 and SO eras, 
and re s u lt s  in  a ra p id  in fo ld in g ,  to  produce the 
p r in c ip a l f is s u re s ,  and th a t there  is  no tra ce  o f 
the fo rm ation  o f t r a n s it o r y  f is s u r e s .
The ex is ten ce  o f t r a n s ito r y  f is s u re s  i s  a 
debateable p o in t ,  but is  not o f  s u f f ic ie n t  importane 
here to  re q u ire  d is cu s s io n .
8,
Morphology and H is to r y .
Th is w i l l  be d ea lt w ith  ve ry  b r ie f l y  fo r  the 
sub ject is  so com plicated  and the l i t e r a t u r e  and 
d iv e r s it y  o f op in ion  so g rea t tha t more than a b r ie f  
re fe rence  to  i t  would be out o f p lace  in  t h is  paper. 
The C a lc a r in e - In te rc a la ry  or sp q e n ia l_ f is su re  
is  extrem ely in te re s t in g  from the po in t o f view o f 
homologies and a ve ry  great dea l has been w r it te n  
about i t ,  J u l iu s  Krueg in  1878 wrote an e x ce lle n t
account /
account o f the f is s u re s  in  the ungu late b ra in  and 
described  th e ir  development and I s h a l l  re fe r  to  h is  
paper at some leng th  fo r  the^re are some notab le  
d if fe re n ce s  between h is  account o f the four main 
s u lc i  which concern th is  reg ion  and tha t a lre ady  g iven 
Krueg named the long sulCus present in  the p o s te r io r  
p a rt o f the m es ia l su rface  the "S ph en ia l” ta k in g  h is  
name from the a d jo in in g  Splenium C o rpo ris  C a l lo s i and 
la t e r  C on tin en ta l w r ite r s  extended the name to  
"S p le n ia l Complex” thus ta lc ing imto account the an te r­
io r  or in te r c a la r y  p a rt o f the f is s u re  as a d is t in c t  
e n t it y ,
2. E l l i o t  sm ith in  recen t years has w r it te n  la r g e ly  
on the morphology o f t h is  reg ion  in  mammals and he 
cons ide rs  tha t the f is s u re  is  composed o f two p a rts , 
an a n te r io r ,  or in t e r c a la r y  f is s u r e  which in  man 
becomes w id e ly  separated to form the C a llo so  M arg ina l 
and a p o s te r io r  p a rt or true  C a lc a r in e f is s u re  whihh 
represen ts the c a lc a r in e  f is s u re  in  man. He c a l ls  
the whole Su lcus the "C a lca r in e  -  Complex ” ,
As regards the homologies between the f is s u re s  in  
these lo'wer mammals and in  man there  i s  much d if fe re n c  
o f op in ion .
g. S ir  W illiam  Turner and the la te . P ro fe sso r D .J . 
Cummimghara deny tha t such homologies e x is t ,  w h ile  
other eminent observers tra ce  a c lo se  r e la t io n s h ip ,  
such as Ziehen ,
Campbell in  a review  o f the sub ject looks fo r  a 
f is s u re  to  homol&gise w ith  the tran sve rse  te rm ina l 
p iece  or f is s u re  o f S e it z  in  the human C a lca r in e
f is s u re  /
1 0 .
I I .
f is s u re  and suggests th a t the s u p ra s p le n ia l, which is  
w e ll marked in  the dog su p p lie s  the need,
E l l i o t  Smith regards the la t e r a l  f is s u r e  as the re p re s ­
e n ta t iv e  o f the m t r a p a r ie ta l and as regards the 
supra--sy lv ian  much d if fe re n c e  o f op in ion  e x is ts  .
K rueg 's  account o f the development o f the f is s u re s  
in  the Ungulate t r a in  w i l l  now he d iscussed .
He s ta te s  tha t in  an 18 cm sheep foetus the re  are no 
f is s u re s  (e xc lud in g  the R h in ic )  and th a t in  a 19 cm 
foetus the re  are two f is s u re s ,  one m e s ia lly  which he 
c a l ls  1 Sp lén ia !.' and the s y lv ia n ,  l a t e r a l l y  which how­
ever does not d ir e c t ly  concern t h is  paper.
In a 24- era foetus a l l  the p r in c ip a l f is s u r e s  have 
appeared and in  27,5 and 30 cm specimens the Ungulate 
type i s  f u l l y  a tta in e d ,
The s ta te  o f development in  K rueg ’ s o ld e r fo e t i 
corresponds c lo s e ly  w ith  the d e s c r ip t io n  a lre ady  g iven 
hut I th in lc  he i s  c e r t a in ly  wrong in  the statement 
th a t the re  are no f is s u re s  be fo re  the foetus a t ta in s  
a leng th  o f I9cms fo r  i t  has been shown tha t the 
H e o p a ll ia l s u lc i  appear much e a r l ie r  than th a t and in  
a 16 era foe tus both the S p le n ia l and the L a te ra l are 
w e ll marked. P robab ly  the d iffe re n ce s  are due to  
d if fe re n t  hardening methods but as mine were hardened 
in  Eorraalin in  S itu  they are presumably co rre c t and 
moreover I have examined many specimens w h ils t  Krueg 
admits the d i f f i c u l t y  o f ob ta in in g  m a te r ia l.
In the case o f the p ig  he a lso  p laces  the deve l­
opment o f the f is s u re s  at a la t e r  date and s ta te s  tha t 
a 15 cm foetus shows no furrows and that they develop
between /
"betv/eeii 18 and 20 cms, some fo e t i o f the same leng th
showing d if fe re n t  degrees o f development, a fea tu re
n o t ic e a b le  In my s e r ie s .
F in a l ly  Krueg g ive s  a comparison o f the Ungulates
and C a rn ivo ra , and s ta te s  'that the 'H aup t-fu rchen1 or
most im portant and most constant s u lc i  appear f i r s t ,
and th a t the re  i s  no tra ce  o f t r a n s ito r y  furrows .and
«
these con c lu s io n s  are supported by the present s e r ie s .
The arrangement o f the s u lc i  in  these two adu lt 
Ungulates corresponds ve ry  c lo s e ly  to  th a t in  the 
C a rn ivo ra  and so fa r  as the reg ion  under exam ination is  
concerned have been considered  at some leng th  in  order 
to  avo id  any con fu s ion  at a la t e r  stage, when a f u l l  
d e s c r ip t io n  o f the h is to lo g y  o f the sheep, p ig , dog 
and ca t w i l l  be g iven . The f is s u re s  w i l l  be named Calc 
In te rc a la ry ,  L a te ra l and R h in ic ,  throughout, in  the 
fo llo w in g  d e s c r ip t io n s .
The above p o in ts  are i l lu s t r a t e d  by the fo llo w in g  
s e r ie s  o f D ioptograph t ra c in g s .


























Sheep EnToryo of  1 ,5  cms
Th is has been the young-st embryo a v a ila b le  ana
as the b ra in  s tru c tu re  is  extrem ely p r im it iv e  i t  w i l l  
serve as a good s ta r t in g  p o in t from ’ ’h ich  to  tra ce  the 
development o f t h is  re g io n .
S ec tio n s , which pass across the p o s te r io r  end of 
the v e n t r ic le ,  show th a t the s tru c tu re  o f the b ra in  
w a ll at t h is  stage corresponds ve ry  c lo s e ly  w ith  tha t 
g iven  by H is fo r  the e a r ly  n eu ra l tube. The b ra in  
w a ll i s  formed o f th ree la y e rs
1 . P e r lp h e ra l_ r e t ic u la r , la y e r ,  narrow, and composed o i
a coarse re t icu lu m  o f ir r e g u la r  f ib re s ,  w ith  no evident
c e l l s ,  except where i t  ad jo in s  the subjacent la y e r .
2 . M antle  or Ce l lu la r  la y e r ,  which forms the g rea te r 
p a rt o f the b ra in  w a ll .  I t  i s  composed o f very nuner: 
:ous , dense ly packed young nerve c e l l s ,  in  which 
m ito t ic  changes are going on v ig o ro u s ly . Many o f the 
c e l ls  are s t i l l  rounded, w h ils t  o thers are py r ifo rm  
neu rob la s ts  .w ith a short a p ic a l p rocess and a l l  s ta in  
deeply and have prom inent n u c le i and n u c le o l i .
Th is  c e l lu la r  la y e r  is  o f great importance and w i l l  be 
seen to  undergo va rio u s  changes in  the la t e r  members 
o f  the s e r ie s .
3. Ependymal la y e r ,  which surrounds the v e n t r ic le .
Th is  c o n s is ts  o f t a l l  columnar c e l ls  w ith  n u c le i set 
at d if fe re n t  le v e ls .  I n te rn a lly  they are separated 
from the v e n t r ic u la r  c a v it y  by a w e ll defined in te rn a l 
l im it in g  membrane, w h ils t  e x te rn a lly  they pass outwards 
amongst/
14.
amongst the deeper c e l ls  o f the mantle la y e r .  
S ca tte red  through t h is  la y e r ,  e s p e c ia lly  near the 
v e n t r ic le ,  there are la rg e  round c e l l s ,  showing 
m ito s is  ve ry  c le a r ly .  These are the germ inal c e l ls  
or "K e im ze llen “ o f H is .
M ito s is  i s  e v id e n t ly  go-ing on very  a c t iv e ly  at th is  
stage and the f ig u re s  are w e ll seen e s p e c ia l ly  in  the 
germ ina l c e l l s  o f the Ependymal la y e r .
The t r a in  w a ll at f i r s t  i s  o f at out equal th ic im ess 
on Tooth su rfa ces , Tout the inne r soon becomes consid : 
:e ra b ly  th in n e r as the se c t io n s  pass forw ards.
In an Embryo o f 2.5 cms. there are c e r ta in  s l ig h t  
advances.
The M antle la y e r  shows s igns o f becoming d iv id ed  and 
the outer c e l l s  are much le s s  c lo s e ly  packed than the 
in ne r and may be regarded as a separate la y e r .
In the more a n te r io r  se c t io n s , the re  is  some evidence 
o f the fo rm ation  o f a P e r ip h e ra l la y e r  o f scanty 
c e l ls  e s p e c ia l ly  on cue la t e r a l  su rface but i t  can 
h a rd ly  be rcgardfd as a separate stratum .
The o v e r ly in g  p e r ip h e ra l r e t ic u la r  la y e r  now con ta ins 
c e l l s  and i t s  re t icu lu m  is  coa rse r.
The d if fe re n ce  in  th icKness o f the m es ia l v e r t ic a l  & 1 
w a ll i s  m a in ta ined .
An Embryo o f 4 ems. shows a very  d e f in ite  advance, 
fo r  the mantle la y e r  described  above has became 
subd iv ided /
,tter a l
NOTE. 1. peripheral reticular layer.






1. Differentiation of brain wall well advanced..
2. Peripheral cortical cell layer split off
Mantle layer in the lateral wall.
3.. The different depth of the two walls.
(1) An important p e r ip h e ra l layer_ or c e l ls  which 
rep resen ts the e a r l ie s t  stage o f the adu lt c o r t ic a l  
la y e r s j  and which a long w ith  the p e r ip h e ra l r e t ic u la r  
la y e r  c o n s t itu te s  the cortex- at th is  stage. This 
la y e r  w i l l  g ra d u a lly  he seen to  increase  in  depth 
and com p lex ity  in  la t e r  members o f the s e r ie s .
(2) A deep la y e r  o f c e l l s  w h ic h 'is  capable o f 
su b d iv is io n  in to  secondary la y e rs  at f i r s t ,  and 
surrounds the Ependymal E p ith e liu m . Th is la y e r ,  the 
deepest p o rt io n  o f the o r ig in a l mantle laye r, w i l l  he 
seen g ra d u a lly  to  le sse n  in  importance in  o lde r 
Embryos.
These two c e l lu la r  la y e rs  are separated by a f a i r l y  
w ide c le a r  r e t ic u la r  area which e v id e n t ly  corresponds 
to  the adu lt w h ite  or m edu lla ry  cen tre .
Henceforth  the changes w i l l  be described under the 
fo llo w in g  heads v iz : -  Cor te x  which in c ludes the 
p e r ip h e ra l r e t ic u la r  la y e r  o f the Embryo which w i l l  
now be c a l le d  m o lecu la r or p le x ifo rm  la y e r ,  and the 
c e l l  la y e r  or la y e rs  beneath i t :  w h ite  cen tre : 
c e l lu la r  la y e rs  surround ing the ependymal ep ithe lium : 
and l a s t l y  the ependyma.
subdivided into: -
E a r ly  Sections across the ex trem ity  o f the o c c ip it a l 
lobe show a marked d iffe re n ce  in  s tru c tu re  on the 
two su rfaces o f the hemisphere fo r  the c o r t ic a l  c e l l  
la y e r  i s  much more prominent la t e r a l ly  w h ils t  m e s ia lly  
the c e l l s  formimg i t  are extrem ely scanty. On both 
su rfaces i t  i s  much more d e f in it e  in  the upper h a lf  
o f the hemisphere La te r /
IS.
La te r Sections across the h inde r end o f the v e n t r ic le  
show s t i l l  fu r th e r d iffe re n ce s  between the two w a lls  
o f the b r a in . the inner be ing  much the narrower.
L a t e r a l ly  the co rtex  c o n s is ts  o f the fo llo w in g  la ye rs  
1= M o le cu la r, not ve ry  broad, con ta in ing  a number o f 
c e l l s ,  o f which the outer are la rg e r  and s c a n t ie r ,
Z. Prom inent la y e r  o f dark s ta ined  c e l ls  w ith  rounded 
n u c le i and in d is t in c t  bod ie s. The c e l ls  are severa l 
deep and the la y e r  i s  best marked in  the upper pa rt 
o f the hemisphere and g ra d u a lly  becomes le s s  d is -  
- t in c t  below,
The white cen tre is broad and is  formed o f a re ticu lum  
o f f ib r e s  con ta in in g  sca tte red  c e l ls  
The c e l lu la r  la y e r  around the v e n t r ic le  is  d iv id ed  into 
an outer broad band o f la rg e  ova l or fu s ifo rm  c e l l s  se t 
m ostly  p a r a l le l  to  the su rface  and ly in g  next the 
m edu lla ry  cen tre , and a deep inner la y e r  o f pyrifo rm  
neu rob la sts  se t v e r t ic a l ly .
The Ependymal E p ith e liu m  co n s is ts  o f t a l l  columnar c e l l
ly in g  upon a ve ry  d is t in c t  in te rn a l l im it in g  membrane 
and extending outwards amongst the c e l ls  o f the previou^ 
la y e r «
M e s ta lly  the p r in c ip a l d iffe ren ce s  are
1. Reduction in  depth o f b ra in  w a ll la r g e ly  at the 
expense o f the w h ite  cen tre .
2. The prominent c o r t ic a l  c e l l  la y e r is  much le s s  
developed and i t s  c e l ls  are very scanty,
3. The la y e r  o f deep c irc u m fe re n t ia l c e l ls  is  much 
narrower, Tne j
The lower pa rt o f the hemisphere.., p resents a sp e c ia l 
s t ru c tu re  even at t h is  stage. As noted a'oove the p ro - 
-m inent c o r t ic a l  la y e r  o f c e l l s  g radu a lly  narrows below 
and towards the lower border the c e l ls  become much 
fewer and are more sca tte red  p resen ting  a marked con tract 
w ith  the outstand ing la y e r  seen above. At the same tim$ 
the c e l lu la r  la y e rs  around the v e n t r ic le  become th ic k ­
ened opposite  i t s  lower po le  and' form an ova l mass whiclji 
p ro je c ts  in to  the v e n t r ic u la r  c a v ity ,  thus in d ic a t in g  
the e a r ly  fo rm ation  o f the Basa l G ang lia . These d i f f ­
erences between the upper and lower p o rt io n s  o f the 
hemisphere p robab ly  mark the l im i t  between the Rainen­
cephalon and he op a l l  turn and become more d e f in it e  in  mor 
a n te r io r  s e c t io n s ,
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An Embyro o f 5.5 eras shows a d i3 ti.ne t advance, n o tab ly  
an in crea se  in  depth o f the c o r t ic a l  c e l l  la y e rs  and a 
r e la t iv e  redu c tio n  o f the c e l ls  around the v e n t r ic le .  
Thus, on the m es ia l su rface  the ve ry  scan ty  c o r t ic a l  
la y e r  seen in  the p rev ious embryo has become a prominent 
^.ayer o f la rg e  c e l l s  seve ra l d eep ,c lo se ly  packed together 
The genera l fea tu re s  p re v io u s ly  described s t i l l  ho ld  
but the n eu ro g lia  appears to  be much more abundant and 
s ta in s  d a rk ly  in  C a ja l p rep a ra tio n s ,
An Embryo o f 6,5 cms, shows s im ila r  advances but does 
not c a l l  fo r  any s p e c ia l d e s c r ip t io n . The c e l ls  are 
g ra d u a lly  becoming more d e f in it e ly  angular in  p lace  o f 
be ing  p y r ifo rm  or rounded .
shows tha t a l l  these changes have
advanced /
SHEEP, 6 cms; X 172. 
Lateral wall.
1. Commencing differentiation of brain wall.
2. Peripheral cortical cell layer split off from
Mantle: layer.
3 . Ependymal cells well seen.
18.
advanced ve ry  markedly , the co rtex  'becoming more 
prom inent, the c e l lu la r  la y e rs  around the v e n t r ic le  
be ing reduced and the Ependymal .Ep ithe lium  becoming 
sh o rte r .
An Embryo o f 8.5' cms . E a r ly  sec tions from near the t ip  
o f the o c c ip i t a l  lobe show th a t the C o r t ic a l s tru c tu re  
i s  p r a c t ic a l ly  the same in  both su rfaces o f the 
hem isphere.
La te r se c t io n s  across the h inde r end o f the v e n t r ic le  
show tha t the most s t r ik in g  fea tu re  is  the great 
development o f the C o r t ic a l c e l l  la y e r .  I t  has become 
ve ry  deep on both su rfaces and the c e l ls  have a lso  
advanced Ve ry  m arkedly and are coming to approach more 
c lo s e ly  to  the adu lt angu lar type from the e a r ly  
n e u ro b la s t ic  stage.
Me s i  a l l y  i t  forms a ve ry  c h a ra c te r is t ic  la y e r  o f la rg e  
c e l ls  set m ostly  v e r t ic a l l y  and the growth o f t h is  
la y e r  has been ve ry  s t r ik in g .
L a t e r a l ly  in  i t s  m idd le p o rt io n  the la y e r shows s igns 
o f becoming d iv id ed  in to  two by the appearance o f a 
s l ig h t  opener la y e r  in  i t s  outer p a rt .
The c e l l  la y e rs  surrounding the v e n t r ic le  have become 
s t i l l  fu r th e r  reduced.
The lo wer port,lon of  the hemisphere has become more 
c le a r ly  demarcated from the upper, and w i l l  be described
in /
SHEEP, X 134, 8. 5 eras.
Mesial wall.
1. Brain wall further differentiated.
2. Cortical cell layer well marked.
3. Reduction of Ependymal layer and of the
cellular layers around it.
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121 a fo e tu s o f 10 cm3 E a r ly  sec tio n s snow that tne 
o r ig in a l s in g le  c o r t ic a l  c e l l  la y e r  ly in g  "between the 
m o lecu la r la y e r  and tne w h ite  centre has in  a great 
pa rt become s p l i t  in to  two ve ry  d e f in it e  la y e rs  by the 
appearance o f a f a i r l y  c le a r  r e t ic u la r  area in  i t s  
outer p a r t ,  The outer o f these two la y e rs  is  the n a rr­
ower, and in  the g rea te r p a rt o f the hemisphere they 
are q u ite  d is t in c t  but towards the upper border, the 
c e l l s  g e n e ra lly  are in creased  and the two la y e rs  are 
more or le s s  fused, w h ils t  towards the lower border 
they are tapered o f f ,
la t e r  s ec t io n s  across the v e n t r ic le  g ive  T a lle r  d e ta i ls  
o f the advances.
M e s ia lly  the co rte x  c o n s is ts  o f the fo llo w in g  la y e rs  : 
i= M o lecu la r la y e r  which i s  broader and con ta in s  more 
abundant c e l ls  which are d isposed in  two q u ite  d is t in c t  
la y e rs ;  an outer formed o f la rg e r  c e l l s  w ith  b ig  ova l 
or rounded n u c le i,  which s ta in  f a in t ly  ,f Meynerts 
corpuscles;) and an inne r in  which the c e l ls  are more 
numerous and have sm all round deeply s ta ined  n u c le i.  
These c e l l3  are supported by an abundant re t icu lu m , 
Eayer of  c lo s e ly  packed 3mall and medium s ized  
angu lar c e l ls  m ostly  o f a pyram idal type and m ostly  
set v e r t ic a l ly ,
3 = H e t ic u la r  la y e r , q u ite  open at f i r s t  and con ta in ing  
ve ry  few c e l ls ,  but la t e r  the c e l ls  in crease  ve ry  
g re a t ly .  They are m ostly  sm a ll w ith  o ccas iona l la rg e
sca tte red  /
In detail in tiie next specimen.
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4 , A broad la y e r  o f c e l l s  s im ila r  to  the outer ’out 
more numerous and more t h ic k ly  packed.
A t f i r s t  the c e l lu la r  la y e rs  m e s la lly  are o f about 
equal th ickn e ss  in  t h e ir  whole extent hut they soon 
become tapered o f f  below and the two la y e rs  become fuse 
hear the lower border o f the hem isphere. Above the 
c e l lu la r  la y e rs  become more condensed towards the 
upper border and f i n a l l y  tu rn  round i t  to  become con­
tinuous w ith  the t h ic k  upper pa rt o f the la t e r a l  
c o r te x , The fu r th e r  forwards the se c tio n s  pass the 
more ev ident does t h is  narrow ing below o f the c e l lu la r  
la y e rs  become and i t  appears to r e s u lt  from a 
suppression o f the deeper la y e r  which is  perhaps o f 
le s s  im portance,
la t e r  se c tio n s  show th a t another element is  added to  
the lower aspect o f m es ia l su rface  fo r  an elongated 
and apparen tly  separate mass o f c e l ls  appears here in  
ra th e r more than i t s  lower t h ir d .  I t  i s  a h o o k - lik e  
process formed o f numerous la rg e  angu lar c e l ls  
supported by a p le n t i f u l  re t icu lu m  and surrounded by 
a m o lecu lar la y e r  o f i t s  own by means o f which i t  i s  
fused to  the m o lecu lar la y e r o f the m esia l b ra in  
su rfa ce . La te r se c tio n s  show that th is  appa ren tly  
super-added p o rt io n  is  s im p ly  a te rm ina l recurved 
expansion o f the lower end o f the important w e ll 
developed and deeply s ta in ed  c e l l  la y e r  traced  forwards 
upon the m es ia l su rfa ce . Th is recurved c e l l  mass is  
p laced  a l i t t l e  below the centre o f the hemisphere and 
from here to the lower border the s tru c tu re  o f the
whole /
scattered cells-




1. Brain wall well differentiated.
2. At this stage, differentiation is better seen
mead ally than laterally.
■¿I
whole th ic im e ss  o f the "brain w a ll appears to  "be the 
same fo r  the "broad m o lecu la r la y e r  present above 
becomes- merged in to  the u n d e r- ly in g  co rtex  and there 
is  no su b d iv is io n  in to  la y e r s .  The p e r ip h e ra l c e l l s  az 
s l ig h t ly  la rg e r ,  and the deepest c e l l s  near the 
v e n t r ic le  are not so p le n t i f u l .  T h is  s t ru c tu re le s s  
area g ra d u a lly  becomes th inned  and in te rru p te d  to  
form the ch o ro id a l f is s u r e .
The M edu lla ry  cen tre  is  f a i r l y  broad and is  composed 
o f f ib r e s  and numerous sm a ll c e l l s .
The c e l ls  around the v e n t r ic le  have become much 
reduced and form two la y e rs  w ith  an open la y e r  between 
them, la t e r  se c t io n s  show tha t the outer o f these 
la y e rs  becomes lo s t  or i t  extends downwards.
The Ependymal Ep ithe lium , has become much sho rte r and 
the in te rn a l l im it in g  membrane is  v e ry  d is t in c t .
L a t e r a l ly . the co rte x  can be d iv id ed  in to  the 
fo llo w in g  la y e rs
1. M o le cu la r, as b e fo re .
2, Outer th in  la y e r  o f pyram idal c e l l s  o f f a i r l y  
un iform  s iz e ,
3. R e t ic u la r  la y e r  con ta in in g  many sm all rounded c e l ls
4 , in ne r and broader la y e r  o f pyram idal and rounded 
c e l l s .
Th is su b d iv is io n  o f the c e l lu la r  la y e rs  is  ve ry  d is t in c
*







1. Brain wall further differentiated.
2. Cortical layer deep.
3. Remains' of Mantle layer around Ventricle
much reduced.
upper "oorder, the la y e rs  fuse to  a. great extent, and 
the  c e l l s  are more abundant and more c lo s e ly  packed.
At the supe rio r border too the prominent c e l l  la y e r  
is. th ickened  where i t  meets the th ic k  upper end or 
the m es ia l co rte x .
The K h ir lc _ A re a .
In  t h e t h i r d  o f the hem isphere, the c e l lu la r  
la y e rs  become much th inned  and t h is  area possesses a 
d is t in c t iv e  s tru c tu re .
1 . The M o le cu la r la y e r  i s  broader and con ta ins fewer 
c e l l s  except around the lower border,
2. The outer c e l l  la y e r  becomes ir r e g u la r  and the 
c e l l s  show a marked tendency to  be arranged in  clumps 
or c lu s te r s ,  thus g iv in g  and ir r e g u la r  o u t lin e  to  the 
area,
3. The inne r c e l l  la y e r  g ra d u a lly  fades away u n t i l  i t  
meets the m es ia l co rte x  at the lower border.
The White cen tre  i s  broad and con ta in s sca tte red  c e l ls  
which in  more a n te r io r  se c tio n s  tend to  be aggregated 
together about the m idd le o f the area to  form an 
extra ,narrow  la y e r  o f lo o s e ly  packed sm all c e l l s .
The c e l l s  around the v e n t r ic le  form two w e ll marked 
la y e rs  broader than on the m esia l su rface and th ickened 
at the upper and lower ends o f the v e n t r ic le .  The 
deeper la y e r  around the ependyma con ta in s la rg e r  and 
more f u l l y  developed c e l l s  than the ou te r.
In /
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In a foetus o f 12 cms_ the p r in c ip a l advances co n s is t 
in  a th icke n in g  o f the c o r t ic a l  c e l l  laye rs s p e c ia l ly ,
A
and a fu r th e r  development o f the c e l ls  themselves fo r 
they have become b igger and th e ir  processes are more 
e v id e n t,
The th icken in g  o f the co rte x  near the upper border on 
the m es ia l su rface  and is  w e ll marked and should be 
noted s p e c ia l ly  fo r  i t  i s  in  t h is  s itu a t io n  tha t the 
C a lc a r in e - in te r c a la ry  f is s u r e  is  to  appear.
C a ja l p repa ra tion s  show tha t there has been a great 
development o f the neuro;gLia which i s  most abundant 
and s ta in s  most d a rk ly  in  the c o r t ic a l  area.
The c e l lu la r  la y e rs  around the v e n t r ic le  have become 
much reduced m e s ia lly  e s p e c ia l ly  in  the more a n te r io r  
s e c t io n s , w h ils t  l a t e r a l l y  they g ra d u a lly  become 
com para tive ly  in c re a se d ,
In  a foe tu s o f 13 cms. fu r th e r advances have taken 
p lace  in  the d ire c t io n  o f an in crease  in  th ickn e ss  o f 
the c o r t ic a l  c e l l  la y e rs  and a fu r th e r development 
o f the c e l l s  themselves or th e ir  processes are much 
more d is t in c t  e s p e c ia l ly  in  the co rte x  on the m esia l 
su rfa ce , where the c e l l s  are p a r t ic u la r ly  prom inent. 
La te r se c tio n s  show tha t another change g rad u a lly  
occurs in  the m es ia l aspect, fo r  the co rtex  ends above 
and below in  a recurved  expansion and these are 
separated by an in te rm ed ia te  area in  which the b ra in  
w a ll c o n s is ts  s im p ly  o f an expanded m olecu lar la y e r
and /




1. Differentiation of brain wall far advanced.
2 . Cellular cortex relatively deep, showing signs of
subdivision into layers.




1. Broad but as yet undifferentiated cortical layers.
2. Great reduction of the cell layers: around Ventriel
3. Broad Medullary centre.
and the ependymal ep ithe lium  w ith  a narrow la ye r o f 
c e l l s  ou ts ide  i t .
S t i l l  la t e r  sec tio n s that t h is  in term ed iate s tru c tu re ­
le s s  area i s  g ra d u a lly  reduced and f in a l l y  becomes 
in vag lna ted  in to  the v e n t r ic le  in  the form ation o f 
the Choroid P lexu s,
The upper th ickened  p o rt io n  o f the m esia l co rtex  which 
is  to  l i e  around the C a lc a r in e - in te rc a la ry  f is s u re  
is  now ve ry  prom inent and the upper ends o f the two 
hemispheres, become f la t te n e d  and are c lo s e ly  opposed 
to  one another, thus pushing the m id -b ra in  to a 
deeper le v e l and coming to  ro o f i t  over com plete ly.
As ye t no f is s u r e  is  v is ib le  in  th is  area but the 
co rte x  i s  th ickened  and d ips down in to  the deeper pa rts  
in  what is  ev iden tly , to  be the s it e  o f the Ca lca rin e  
in te r c a la r y  f is s u r e .
Tne c e l l s  about the m idd le o f the w h ite centre  are 
condensed to  form a loo se  la y e r betoveen the co rtex  
and the grey m atter round the v e n t r ic le  and th is  la t t e r  
has become g re a t ly  reduced m e s ia lly .
The R h ln lc  f is s u re  i s  f a in t ly  marked and in d ic a te s  an 
a lt e r a t io n  in  s tru c tu re  o f the co rtex ; tha t below i t  
showing.a more p r im it iv e  co n d it io n  than the H eo pa llic  
co rte x  above.
In a fo e tu s .o f 16 cms. the e a r ly  sec tions near the 
t ip  o f the o c c ip i t a l  lobe show s t i l l  fu rth e r d if fe re n t ­
ia t io n  and both su rfaces o f the hemisphere possess two 
prominent c o r t ic a l  c e l l  la y e rs , outer narrow and inner
broader /
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broader Which l i e  between the M o lecu la r la y e r  and the 
M e d u l l  a ry  c ent r  e .
La te r Se-ctlons d is p la y  fu r th e r advances , the co rtex  
becomes much deeper, and the s tru c tu re  is  more com­
p lic a te d  owing to the appearance o f f is s u re s .  The 
f i r s t  o f these to  appear is  the p o s te r io r  end o f tha t 
deep and well-m arked f is s u re  which separates the 
Rh inencepha lic  area from the keopa llium  and is  c a lle d  
the R h in ic  f is s u r e .
On the M e s ia l su rface  the upper part o f the co rtex  is  
d iv id ed  in to  the fo llo w in g  la ye rs  $- 
1 , M o le cu la r la y e r  wh ich  i s  much deeper and has i t s  
two la y e rs  o f c e l l s  much b e tte r  defined .
S', Outer la y e r  o f sm a ll and medium s ized  angular or 
s t e l la t e  c e l l s  w ith  ve ry  evident processes , The 
sm a lle r c e l l s  l i e  next the m o lecu lar la y e r but the two 
se ts m ing le  ve ry  c lo s e ly .
3, Broad opener r e t ic u la r  la y e r  in  which the c e l ls  
are le s s  abundant and are sm a lle r. In one area v iz  : 
the co rte x  o f the apposed m edia l su rfaces th e re is  some 
evidence o f the development o f some la rg e  pa le  
s ca tte re d  c e l l s  in  the deeper pa rt o f t h is  la y e r but 
i t  cannot be tra ced  as a d is t in c t  stratum . The 
r e t ic u la r  frame-work o f t h is  la y e r is  more p le n t i f u l  
than in  the adjacent p a r ts .
4 , Broad la y e r  o f sm all or medium ir r e g u la r  angular 
or rounded c e l l s  l i e  next the white cen tre .
La te r se c t io n s  show the gradual appearance o f a f ls s u r  
in  the upper p a rt o f the m es ia l surface o f the hemi­
sphere and t h is  i s  the e a r ly  C a lca rin e  in te r c a la r y
f is s u re  !
2 5 :
f is s u r e  or s p le n ia l complex. The thiclcened co rtex  in  
the reg io n  d ips down to  l in e  the w a lls  o f t h is  f is s u re , 
is  somewhat reduced in  w id th  hut is  s t i l l  p la in ly  
d iv i s ib le  in to  the la y e rs  described  above, and emerges 
above to  become continuous w ith  the co rtex  in  the 
la t e r a l  su rfa ce . The f is s u re  g ra d u a lly  deepens in  the 
more a n te r io r  se c tio n s  and comes to l i e  more upon the 
m es ia l su rface  and these la t e r  se c tio n s show tha t the 
co rte x  l in in g  i t s  lower aspect is  th ic k e r  than tha t 
in  the upper.
The lower pa rt o f the m esia l co rtex  g radu a lly  becomes 
reduced in  w id th  and s t i l l  more a n te r io r  sections show 
th a t i t '  f i n a l l y  becomes d iv id ed  in to  upper and lower 
p o r t io n s , each te rm in a tin g  in  a prominent and 
expansion, w h ils t  the in te rm ed ia te  area is  th inned 
u n t i l  i t  becomes in vag ina ted  in to  the v e n t r ic le  in  the 
fo rm ation  o f the Cho ro ida l P is su re .
On the L a te ra l Surface d e f in it e  changes are seen as the 
se c t io n s  pass fo rw ards. The la t e r a l  f is s u re  is  f a in t ly  
marked near the upper border o f the hemisphere and 
near the lower the p o s te r io r  end o f the R h in ic  f is s u re  
makes a deep Inden ta tion  and d iv id e s  the outer surface 
in to  a sm a ll lower and a la rg e  upper p a r t ,
I .The ,C-ortex. ,-f the unner or h e o u a llic  pa rt p resents 
the same genera l s tru c tu re  a lready  noted and does not 
re q u ire  d e ta ile d  d e s c r ip t io n .
11 .The co rte x  o f the lower or R h in ic  areajp resen ts a
sudden and a marked change in  type but corresponds
f a i r l y  c lo s e ly  w ith  the d e s c r ip t io n  o f the same area
in  the p rev ious embryo. The e a r l ie r  sections show that
the re /
SHEEP, about l €  crus;
Rhinic Area.
1. Deep and clear Molecular layer.
2 . Irregular outline of superficial cell layer.
3. Clustered arrangement of cells in it.
there are an inner and outer c e l lu la r  hand separated "by 
an in te rm ed ia te  r e t ic u la r  la y e r  con ta in ing  a f a i r  num­
ber o f  ce lls ,"bu t la t e r  sec tio n s in d ic a te  tha t the inne i 
c e l l  la y e r g ra d u a lly  becomes reduced and ceases to  
e x is t  as a d e f in it e  la y e r .  The co rtex  of the R h in ic  
area hence i s  more p r im it iv e  than the re s t  and co n s is ts  
o f a m o lecu la r la y e r and a s in g le  la y e r  o f c e l ls  set 
upon a broad m edu lla ry  cen tre  r ic h  in  ce lls ,som e  being 
o f la rg e  s iz e .
The l im i t  between these two types o f co rtex  i s  extreme­
l y  w e ll marbed.
In genera l, the deeper s tru c tu re  o f the b ra in  w a ll at 
t h is  stage remains much the same.
The M edu lla ry  cen tre  s t i l l  shows a condensation o f 
c e l l s  to  form an in d e f in it e  la y e r  between co rte x  and 
v e n t r ic le ,
The c e l lu la r  la y e rs  around the v e n t r ic le ,  la t e r a l l y  
become increased  e s p e c ia l ly  towards the lower po le  
o f the v e n t r ic le  and in  se c t io n s  fa r  forwards come to 
form a t h ic k  ova l mass o f c e l l s  in d ic a t in g  the Basa l 
G ang lia . Mes t a l l y  however the grey m atter though 
p le n t i f u l  at f i r s t  soon becomes reduced to  a s in g le  
or double row o f c e l l s  ou ts ide  the Ependyma,
The Ependymal E p ith e liu m  has become reduced to  a 
la y e r  o f short columnar or cubo ida l c e l l s ,
A foetus o f 20 ciiis shows ve ry  d e f in it e  advances.
In e a r ly  se c tio n s  from near the t ip  o f the o c c ip i t a l  
lobe the s tru c tu re  appears to  be e s s e n t ia l ly  the same
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in  "both su rfaces o f the hemisphere, and a d e ta ile d
d e s c r ip t io n  w i l l  'be g iven from la t e r  se c tio n s  Where
«
the s tru c tu re  has "become s t i l l  more d e f in it e .
As the s e c t l i rt0 n̂e lobe th ree  f is s u re s  
g ra d u a lly  come in to  v iew  the C a lca r in e  In te rc a la ry  
in  the m es ia l su rfa ce , which is  much deeper and l i e 3  
at a lower le v e l than in  the p rev ious embryo, and 
the p o s te r io r  ends o f the L a te ra l and R h in ic  f is s u re s  
in  the la t e r a l  su rfa ce , the one near the upper and the 
o ther near the lower bo rder. At the same time the 
co rte x  is  deeper and i t s  su b d iv is io n  in to  la y e rs  ve ry  
d is t in c t  showing th a t t h is  foetus has a tta in ed  a h igh 
degree o f development,
On the m es ia l su rfa ce  the co rte x  is  at f i r s t  o f
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about equal depth in  i t s  whole extent but i t  soon 
becomes reduced in  i t s  lower p a rt and f i n a l l y  w ith  the 
appearance o f the Corpus Callosum becomes separated 
in to  two d is t in c t  p a r t s : t
1» Upper which forms the tru e  m es ia l su rfa ce , and 
extends from the Corpus Callosum  to the superomesial 
border o f the hem isphere. I t  i s  deep ly indented 
about i t s  cen tre  by the C a lca r in e  in te r c a la r y  su lcus 
and possesses the same genera l s tru c tu re  as the la te ra j l 
c or t  e x .
2, Lower which is  c lo s e ly  app lied  to  the m id -b ra in  
below the commissure. I t  soon becomes g re a t ly  th inned 
and the c e l l  la y e rs  are reduced to  form a prominent 
band ly in g  near the v e n t r ic le  which c o n s is ts  o f an 
outer se t o f medium s ize d  angular c e l ls  and a deeper
la y e r  /
la y e r  o f ve ry  la rg e  erect pyram idal c e l l s .  This, 
prom inent ce llu la r*  la y e r  belongs to  the cornu arnmonis 
and f i n a l l y  becomes In te rrup ted  below to  admit the 
cho ro id  p lexus in to  the v e n t r ic le .
On the L a te ra l Surface the co rtex  appears to  possess 
the sane s tru c tu re  and m inor d iffe re n ce s  down to the 
R h in ic  f is s u re  at which a sudden change occu rs. Hence 
there  i s  a ?;ide extent o f co rte x  extending from ju s t  
below the C a lc a r in e - In te r c a la ry  to  the R h in ic  f is s u re  
o f e s s e n t ia l ly  s im ila r  na tu re .
General type._of, c e l l  lam ina tion  
1, M o le cu la r la y e r  o f con s ide rab le  depth showing an 
ou ter la y e r  o f scan ty  la rg e  pa le  c e l l s  ly in g  c lo se  to  
the su rface  and a deep la y e r  o f numerous sm all round 
d a rk ly  s ta in ed  c e l l s  p laced  c lo se  to the next la y e r .
3, Laver o f sm all and medium s ize d  angular c e l l s ,  
c lo s e ly  pached and possess ing  abundant H is s l g ranu les, 
Th is  la y e r  e v id e n t ly  corresponds to  the o r ig in a l 
c o r t ic a l  la y e r  seen in  the youngest embryos.
3. R e t ic u la r  la y e r  w ith  more abundant re t icu lu m  
con ta in in g  numerous sm a lle r angu lar c e l l s .  Th is  la y e r  
i s  o f about the same depth as (3 ).
4 . Layer o f la rg e  pa le  h ig h ly  developed c e l l s  m u lt i­
p o la r  or pyram ida l which are set m ostly  v e r t ic a l ly  and 
possess la rg e  pa le  ova l or round n u c le i and ve ry  
abundant H is s l g ranu le s . These c e l l s  mate up a f a i r l y  
broad la y e r ,  Which i s  a ve ry  prominent fea tu re  o f the 
co rte x  at t h is  stage.
5. Layer o f sm a ll ova l fu s ifo rm  or angular c e l l s
v a r ia b le  //
2.9
SHEEP, about 20 cuis. 
Marginal gyrus.
1. Differentiation of Cortex into layers now
well marked,.
2. Prominent superficial & deep small celled layer
o. Intermediate layer of large pale cells.
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v a r ia b le  in  extent in  d if fe re n t  p a rts  o f th e -co rte x , 
ly in g  upon and merging in to  the w h ite  cen tre . In the 
main i t  forms a broad la y e r  hut is  much reduced in  
the f is s u re s  and here many o f i t s  c e l l s  are set 
p a r a l le l  to  the su rfa ce . The co rte x  g e n e ra lly  is  
th inned  at the bottom o f the f is s u re s ,  and i t  appears 
to  he s l ig h t ly  deeper in  th a t area ly in g  between the 
L a te ra l and R h in ic  f is s u re s  but w ith  these minor d i f ­
fe rences i t  i s  the same throughout,
R h in ic  Area extends from the R h in ic  f is s u re  to  the 
lower border o f the hemisphere and i t s  s tru c tu re  is  
m od if ied  as fo llo w s
1 , The M o le cu la r la y e r  is  deep and con ta in s ve ry  
few c e l l s .
2, The outer c e l lu la r  la y e r  p resents a ve ry  wavy 
o u t l in e  and the c e l l s  tend to  form c lu s te r s .  The 
sm a lle r c e l l s  o f the E e o p a ll ic  area are la rg e ly  
rep la ced  by an ex tens ion  o f the deeper la rg e  c e l l s  
outwards in to  i t  and these la rg e  c e l l s  come to  predom­
in a te  in  t h is  re g io n .
3, A broad c le a re r  area l i e s  beneath th is  w ith  a more 
abundant re t icu lu m  through which la rg e  p a le  angu lar 
c e l l s  are sca tte re d ,
4, An in d e f in it e  la y e r  o f sm a lle r c e l ls  l i e s  near the
v e n t r ic u la r  grey m atter.
The c e l lu la r  la y e rs  around the v e n t r ic le  soon become 
reduced to  a s in g le  or double la y e r o f c e l l s  on i t s  
m es ia l su rfa ce , but la t e r a l l y  they are s t i l l  abundant,
e s p e c ia l ly  /
e s p e c ia l ly  in  the lower pa rt and the la rg e s t c e l ls  are 
p laced  deep ly.
The Ependymal E p ith e liu m  now co n s is ts  o f columnar 
cubo id a l c e l l s ,  those l in in g  the m esia l w a ll o f the 
v e n t r ic le  being m ostly  cu bo id a l.
ffoe tl o f 37 and 30 cms  ̂ The appearance o f the se c t io n  
becomes more com plicated  owing to  the in crease  in  
depth o f the p r in c ip a l s u lc i  and tha  appearance 
between them o f some sha llow  su b s id ia ry  fu rrow s. The 
genera l s t ru c tu re , however, remains very  s im ila r  to 
th a t a lre ady  described  and the c e l l  lam ina tion  o f the 
co rte x  is  the same though the la y e rs  have become s t i l l  
more d e f in it e .
The same genera l changes occur upon the m esia l su rface 
and the co rte x  at f i r s t  ve ry  s im ila r  to tha t in  the 
la t e r a l  aspect soon becomes reduced as described .
The H e o p a llic  Cortex which extends from the le v e l 
o f the corpus ca llosum  to  the R h in ic  f is s u re  appears 
to  be o f e s s e n t ia l ly  the same type throughout and 
c o n s is ts  o f f iv e  or s ix  c e l l  la y e rs  accord ing  as the 
ou ter la y e r  o f pyram ida l c e l ls  is  d iv id ed  in to  an outer 
band o f  sm all and an inne r o f medium pyramids and th is  
d is t in c t io n  i s  now w e ll mar Iced.
I t  may be noted, however, tha t the depth o f the co rtex  
v a r ie s  a l i t t l e  in  d if fe re n t  areas and i t  is  th inned 
at the bottom o f the s u lc i  and at the con vex ity  o f the 




"bottom o f the furrows' and the deepest la y e r  tends to 
have i t s  c e l l s  arranged p a r a l le l  to  the su rfa ce . The 
deep la y e r  o f la rg e  pa le  pyram idal c e l ls  appears to  he 
s p e c ia l ly  th ic k  along the lower l i p  o f the In te rc a la ry  
f is s u r e  and helow thjg p o in t the_whole co rtex  undergoes 
gradual re du c tio n  and the c e l l  la y e rs  tend to  fuse .
The R h in ic  area m a in ta ins the d iffe re n ce s  a lready  
described  and c o n s is ts  o f th ree  la y e rs  o f c e l ls  beneath 
a ve ry  deep and c le a r  m o lecu lar la y e r .  The outer 
la y e r  o f c e l l s  is  ve ry  wavy and the c lu s te re d  arrange­
ment noted be fo re  i s  ve ry  marked at the  convex ity  o f 
the reg ion  w h ile  on e ith e r  s id e  the co rtex  comes to 
resemble the genera l type .
Both l i p s  o f the in te r c a la r y  f is s u re  are l in e d  by 
co rte x  o f the H e o p a llic  type but ve ry  soon tha t ©,n the 
low er aspect becomes m od if ied . Large pa le  c e l ls
iLt.
s im ila r  to  those o f the f i f t h  la y e r  in Are s t  o f the 
co rte x  come to  predom inate in  t h is  area and extend out­
wards among the sm all medium pyramids which are much 
reduced.
The Ependymal E p ith e liu m  has become s t i l l  more cubo ida l 
and the g rey m atter ou ts ide  i t  i s  p r a c t ic a l ly  absent on 
the m es ia l su rface  though there  is  s t i l l  a l i t t l e  in  
the outer aspect which is  in creased  at the upper and 
lower po les o f the v e n t r ic le .
The C e l ls  g e n e ra lly  have become fu r th e r developed and 
are m ostly  angular or pyram idal in  type w ith  w e ll marked
processes /
processes which s ta in  b e tte r  than in  p rev ious embryos.
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E o e t i of  35, 37 .5 ' 43 .5  and 47.5 cms have been examined 
and complete the fo e ta l s e r ie s  as the 47.5 embryo has 
reached f u l l - t im e .  These o ld e r specimens resemble 
one another so c lo s e ly  and are so ve ry  s im ila r  to  the 
p rev iou s embryo and to  the adu lt sheep tha t a separate 
d e s c r ip t io n  i s  not re qu ired . There are o f course 
m inor d if fe re n ce s  and the c e l l s  in  the fu l l- t im e  foetus 
are b e tte r  developed than in  the younger specimens and 
are ve ry  l i k e  those seen in  the a d u lt .  I t  is  n o t ic e ­
ab le  th a t C a ja l p repa ra tion s  become s te a d ily  more 
su cce ss fu l as the age advances and the processes s ta in  
much b e t te r .
The lie opal l i e  co rte x is  perhaps p ro p o rt io n a te ly  a 
l i t t l e  deeper and the c e l l  lam in a tion  is  b e tte r  defined 
but remains the same as a lre ady  described . There are 
c e r ta in  d if fe re n ce s  in  depth o f the co rtex  in  some 
areas and an in c rea se  or re du c tio n  o f o:ie or other o f 
the la y e rs  e s p e c ia l ly  the deepest but the arrangement 
throughout the Neopallium  is  so fundam enta lly  s im ila r  
th a t a d e ta ile d  account: o f these s l ig h t  v a r ia t io n s  is  
unnecessary.
The R h in lc  a rea in  most o f i t s  extent m a in ta ins the 
sp e c ia l fea tu re s p re v io u s ly  described  and th e re fo re  
possesses a more p r im it iv e  s tru c tu re  though i t  con ta ins 
Numerous la rg e  c e l l s .
The Ependymal E p ith e liu m  and the c e l l s  around i t  
c o in c id e n t w ith  the g rea te r s p e c ia l is a t io n  o f the 
co rte x , become g re a t ly  reduced?e s p e c ia l ly  tha t l in in g
the /
SHEEP, near full time. 
Marginal gyrus.
Ca j al.
1. Definite Lamination of Cortex..
2. Cells mostly erect except in the deepest layer
3. Large deep pyramids well seen..
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the inner wall of the ventricle.
A lr^ tSheej^
A f u l l  d e s c r ip t io n  w il l ,  he g iven .and is  
ta lien  from a specimen about one year o ld  in  which com­
p le te  development has been a tta in e d . The main f is s u re  
p resen t are the C a lc a r in e - ln te r c a lla r y ,  L a te ra l,  
p o s te r io r  pa rt o f the Sup rasy lv lan  and the R h in ic  and 
in  a d d it io n .to  these there are some sha llow er fu rrow s.
The E a r ly_ se c t ions not fa r  from the ex trem ity  o f the 
o c c ip i t a l  lobe do not c a l l  fo r any s p e c ia l d e s c r ip t io n  
and the c o r t ic a l  s tru c tu re  appears to  be e s s e n t ia l ly  
the same on both su rfaces o f the b ra in , and w i l l  be 
d e ta ile d  la t e r ,
More an te r io r  s e c t io n s show th a t c e r ta in  changes occur 
which become b e tte r  m arled the fu rth e r forward the 
se c t io n s  pass.
The-M esia l Surface o f  the lobe soon becomes d iv id ed  
in to  two d is t in c t  areas;:
1» upper- whic-h extends from about the le v e l o f  the
fu tu re  corpus ca llo sum  to the supe rio r border which
soon comes in to  c lo se  oppos it ion  w ith  i t s  fe llo w  o f
the opposite  s id e  and which has developed in  i t  the
C a lc a r in e - In te r c a la ry  f is s u r e ,  Th is area re ta in s  the
o r ig in a l c o r t ic a l  s tru c tu re ,
Lower which soon becomes hollowed to  re ce ive  the
m id -b ra in  and which extends from about the le v e l o f th
corpus Callosum to the low e r border o f the hem isphere.
The b ra in  w a l l  in  t h is  s itu a t io n  undergoes a gradual
th in n in g  owing to  the p ressu re  exerted by the m M-bra i:
and /
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and the c o r te x ,a t  f i r s t  o f the same depth as th a t in  other 
p a r ts  g ra d u a lly  "becomes th inned andthe in d iv id u a l la y e r  
fu se , the sm all c e l l s  d isappearing  e n t ir e ly  and the 
la rg e  c e l l s  rem ain ing. At the same time they are 
pushed nearer the v e n t r ic le  and f i n a l l y  come to  l ie  ju s t  
ou ts ide  i t  where they form a ve ry  prominent narrow hand 
o f extrem ely w e ll-d eve loped  la rg e  pyram ida l c e l l s  which 
are set almost e n t ir e ly  v e r t ic a l l y  and send th e ir  
a p ic a l processes outwards in  the deep and c le a r  over- 
ly in g  m o lecu la r la y e r ,  thus con fess ing  a r a d ia l s tr ia tu m  
in  t h is  re g io n . Beneath t h is  prominent la y e r  a few 
sca tte re d  la rg e  c e l l s  l i e  nearer to  the v e n t r ic le .
Be low , t h is  la y e r  Becomes continuous w ith  the co rte x  of 
the Rhi l ie  area
Above i t  curves Pn i t s e l f  near the upper po le  o f the 
v e n t r ic le  and passes outwards to  Become continuous w ith  
the co rte x  above in  the fu tu re  s i t e  o f the Corpus- 
Callosum  and here th e re  i s  co rte x  o f an in te rm ed ia te  
ty p e 3 pass ing  upwards towards the In te rc a la ry  f is s u re ,
I t  i s  in  t h is  reg ion  tha t the corpus Callosum  g ra d u a lly  
appears,
La te r on another change occurs in  t h is  lower area 
fo r  the re  appears Between the B ra in  w a ll and the surfac- 
o f the m id -B ra in  a sm a ll rounded mass o f darlc angular 
c e l l s .  Th is soon Becomes elongated and the c e l ls  
Become arranged in  a c i r c u la r  fash ion  at i t s  p e rip he ry
i/rLij-A
thus en c lo s in g  a c le a r  r e t ic u la r  cen tre , P he^ tru c tu re  
Be ing surrounded By i t s  own m olecu lar la y e r .  I t  appear 
to  Be a superadded s tru c tu re  developed Between the
B ra in  /
"brain w a ll and the m ii-"b ra in  and i t s  inner su rface soon 
fuses w ith  the "brain w a ll and "becomes absorbed in to  i t ,  
F in a l ly  the inner la y e r  o f c e l ls  fuses w ith  tha t 
prominent la y e r  p laced  near the v e n t r ic le  and soon 
a f t e r  t h is  i t  becomes in te rru p ted  and ends above and 
below in  a recurved  expansion, between which the re  l i e s  
a c le a r  and s t ru c tu re le s s  area which i s  th inned and 
f i n a l l y  becomes in vag ina ted  in to  the v e n t r ic le  in  the 
fo rm ation  o f the cho ro id  p le xu s .
The above s tru c tu re s  belong to  the cornu ammonls.
The le o p a l l lo  Cortex which extends from the le v e l o f 
the  corpus ca llosum  to  the R h in ic  f is s u re  appears to 
possessan e s s e n t ia l ly  s im ila r  s tru c tu re  in  i t s  whole 
extend, though there  are s l ig h t  d iffe re n ce s  in  c e r ta in  
p a r t s ,
The genera l' type o f ce ll_  lam in a tio n  is  as fo llow s
1 , M o le cu la r la y e r  o f con s ide rab le  depth-There are
la rg e  c e l l s  sca tte re d  through i t  but most o f 
the c e l l s  are ve ry  sm a ll,
2, Layer o f sm a ll pyram ida l c e l l s ,
3, Layer o f medium pyram ids. In  these two la y e rs  the 
c e l l s  are m ostly  p laced  v e r t ic a l l y  and together they 
form a broad band o f w e ll developed angu lar c e l l s ,
4, Layer o f sm all ir r e g u la r  and angular c e l l s  which ar 
supported by a p le n t i f u l  re t icu lu m . Th is la y e r  v a r ie s  
a l i t t l e  in  depth and i s  deepest on the outer su rface  o f 
the b ra in  but in  genera l forms a w e ll marked band in te r  
posed between la ye rs  o f la rg e  c e l l s ,
5, Layer o f la rg e  pyram idal c e l ls  almost a l l  o f which
are set v e r t ic a l ly .  Th is la y e r  forms the most s t r ik in g
fea tu re  /
36
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fea tu re  o f t'ne H e o p a llic  co rte x  fo r even under a low 
power the c e l ls  stand out p rom inently  and they appear 
to  rcypo n dg p ec ia lly  well to  the s i lv e r  method fo r  in  
many cases they s ta in  extrem ely w e ll w h ils t  c e l ls  o f 
o ther la y e rs  remain unsta ined . The c e l l s  form ing th is  
la y e r  are la rg e  pyramids w ith  ve ry  long  a p ic a l p rocess^  
which pass outwards and end amongst the outer la y e rs  
o f  sm a ll and medium pyram ids and they con fe r a r a d ia l 
s t r ia t io n io n  the o v e r ly in g  co rte x . Severa l processes 
pass o f f  from th e ir  hases hut are short and f a i l  to 
respond to  the s ta in  ve ry  w e l l .
In genera l these la rg e  c e l l s  are not ve ry  abundant, 
hut in  the lower 11-,p o f the In te rc a la ry  f is s u re  they 
become more numerous hut a t the same time do not stand 
out so p rom inen tly  as elsewhere and in  the gyrus 
fo rn ie a tu s  are much more stumpy and p a le .
Th is  la y e r  does not l i e  at a constant depth fo r  the 
la y e rs  above and belo'w it ,  va ry  in  breadth in  c e r ta in  
areas and thus i t  comes to  l i e  e ith e r  more s u p e r f ic ia l ly  
or more deep ly  r e la t iv e ly .
6 , Layer o f sm a ll ir r e g u la r  c e l l s  which are fu s ifo rm , 
rounded or m u lt ip o la r  and l i e  next the m edu lla ry  centr^ 
extending in to  i t s  s u p e r f ic ia l  p a r ts .  Among the 
sm a lle r c e l ls  the re  are o cca s iona l la rg e r  pyram idal 
or m u lt ip o la r  c e l l s ,  Th is la y e r  v a r ie s  g re a t ly  in  de^th 
and i s  g re a t ly  reduced at the bottom o f a l l  the s u lc i  
Where Many o f the c e l l s  become c ir c u m fe re n t ia l ly  
arranged and are m arkedly fu s ifo rm  as though they have 
been f la t te n e d  by the in fo ld in g  o f the co rte x  to form
the /
the  f i s s u r e . Between th is  la y e r and the o v e r ly in g  
la rg e  c e l l s  the re  is. a narrow c le a r  r e t ic u la r  la y e r  
q u ite  d is t in c t  o' 1 the outer su rface  hut p r a c t ic a l ly  
absent on the m es ia l aspect o f the hem isphere.
G ene ra lly , the co rtex  i s  a l i t t l e  deeper in  the la t e r a l
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su rfa ce  owing to  a g rea te r development o f the sm all 
c e l le d  la y e rs  which l i e  on e ith e r  s id e  o f the la rg e  
pyram ids,and on the m es ia l su rface  from the le v e l o f 
the In te rc a la ry  f is s u r e  to the le v e l o f the corpus 
Callosum  the co rte x  g ra d u a lly  becomes th inned and the 
in d iv id u a l la y e rs  fuse to  a great extent w h ile  the 
s u p e r f ic ia l  pyram ida l la y e rs  are suppressed. The 
Gyrus To rn ica tu s  th e re fo re  d isp la y s  a more p r im it iv e  
s t ru c tu re .
The R h in ic  A rea shows a d is t in c t iv e  s tru c tu re . As the 
R h in ic  f is s u r e  i s  approached the c o r t ic a l  s tru c tu re  
beg ins to  change and the la rg e  pyramids seen in  the 
N e o p a llic  co rte x  above become le s s  prom inent. That 
co rte x  which l in e s  the upper l i p  o f the Rh i'n ia  f is s u re  
conformes more or le s s  c lo s e ly  to  the d e s c r ip t io n  
g iven  above and i t s  depth i s  con s id e rab le , w h ils t  in  
the lower l i p  the co rte x  is  much narrower and soon
begins to change in  type and the lam in a tion  i s  lo s t .
The sp e c ia l fea tu re s  are as fo llow s
1. The Molecular_ la y e r  is  ve ry  deep and ve ry  c le a r
owing to  sm all s iz e  o f the conta ined c e l ls  and th e ir  
comparative fewness, but at the lower border o f the ar^a, 
the m o lecu la r la y e r  is  ve ry  narrow.
2. The c e l l s  are arranged to  form a prominent
p e r ip h e ra l /
p e r ip h e ra l la y e r  w ith  a ve ry  ir r e g u la r  o u t lin e  and the 
c e l l s  tend to  be arranged in  c lu s te r s .  Large c e l ls  
predominate and the sm a lle r p e r ip h e ra l c e l l s  seen above 
are much reduced be ing rep laced  by la rg e r  pyram idal 
o r s t e l la t e  c e l l s  set ir r e g u la r ly .  Th is la y e r  passes 
round the lower border o f the hemisphere to  become 
continuous w ith  the la y e r  o f la rg e  c e l l s  on the inner 
aspect but at the lower border i t  changes in  type fo r  
the la rg e  c e l l s  are rep la ced  by sm all ir r e g u la r  c e l ls  
which l i e  nearer the su rfa ce ,
S . Beneath t h is  p e r ip h e ra l la y e r  there  i s  a lo o s e ly  
arranged la y e r  o f  ir r e g u la r  medium s ize d  pa le  c e l l s  
and in  the w h ite  cen tre  between th is  and the v e n t r ic le  
the re  are numerous s ca tte re d  c e l l s  which however cannot 
be arranged in to  d e f in it e  layers:.
In the  more a n te r io r  se c t io n s  th e re fo re  the co rte x  o f  
the R h in ic  area p resen ts th ree  d is t in c t  areas, v iz .  
an upper ju n c t io n a l p a rt which passes in to  the Rhinic- 
f is s u r e  and there  conforms- to  the genera l type; an 
in te rm ed ia te , w ith  the sp e c ia l cha ra c te rs  noted above; 
and a lower ju n c t io n a l p a rt ly in g  at the lower border 
o f the area and pass ing  in to  the m es ia l su rfa ce .
The Buendvmal E p ith e liu m  c o n s is ts  o f a la y e r  o f 





1. Lamination of Cortex very distinct and
six layers easily definable.
2 . Superficial pyramidal layers fairly deep.
3. Deep pyramids scanty.
Adult SHEEP,
Cortex between L a te ra l and R h in ic  S u lc i.
I.
1. Superficial pyramidal layers slightly reduced
2. Intermediate small cell layer relatively
deeper.
3. La rge  deep pyram ids- v e ry  s c a n ty .
Gyrus Eornicatus.
A d u lt SHEEP.
NOTE.
1. Layers clearly defined.
2. Relative reduction of superficial layers-
3. Relative increase of large deep cells.
Adu lt SHEEP,
Rhinic Area.
1, The c lu s t e r s  o f  s u p e r f i c i a l  po lym orphs.
2. P r im i t iv e  ty p e  o f  c o r te x  g e n e r a l ly . .
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On rev iew ing  the changes observed in  the develop- ■ 
merit o f the o c c ip i t a l  reg ion  o f the sheep's b ra in  i t  
w i l l  be seen tha t in  the 15. c-m . Embryo„the youngest ex­
amined we beg in w ith  an extrem ely p r im it iv e  stage o f 
the n eu ra l itu b e  which c o n s is ts  o f the fo llo w in g  la y e rs  :-
1 . P e r ip h e ra l R e t ic u la r  la y e r .
2. M antle  or in te rm ed ia te  c e l lu la r  la y e r .
3. Ependymal or in te rn a l E p ith e liu m  la y e r .
These w i l l  be d ea lt w ith  in  tu rn  and the changes which 
occur in  them summarized.
The P e r ip h e ra l R e t ic u la r  la y e r  soon comes to form the 
most e x te rn a l la y e r  o f the ce re b ra l co rtex  and i s  then 
c a l le d  v a r io u s ly ,  the M o le cu la r, P le x ifo rm  or Zonal 
la y e r  b y ;d if fe re n t  au tho rs . I t  appears f i r s t  as a 
narrow c o a rse ly  r e t ic u la r  la y e r  w ith  no ev ident c e l l s ,  
though the outermost c e l ls  o f the next la y e r  extend 
ir r e g u la r ly  in to  i t s  deeper p a r t .  I t s  development 
advanced t h is  la y e r  becomes broader and c e l ls  g rad u a lly  
appear i r r e g u la r ly  in  i t  u n t i l  in  a 1 0  cm foetus the 
c e l l s  are d isposed in  two d is t in c t  la y e r s :- 
1* Outer p laced  hear the su rface  formed o f scan ty  
la rg e  e longated f a in t ly  s ta in in g  c e l l s  w ith  branch ing 
processes o ften  p laced  p a r a l le l  to  the su rfa ce ,
2 . Inner composed o f much more numerous sm a lle r c e l ls  
w ith  round d a rk ly  s ta in ed  n u c le i ,
These c e l ls  are supported by a p le n t i f u l  coarse re t icu lu m  
and in  the o ld e r specimens the n e u ro g lia l network 
becomes much denser. The on ly  changes tha t occur la t e r  
are an in crease  in  the number o f the c e lls ,a n d  the
depth /
Summary.
The M antle or C e l lu la r la y e r i s  at f i r s t  composed o f 
la rg e  a c t iv e ly  growing young nerve c e l l s ,  some being 
s t i l l  o f the round germ inal type, w h ils t  many are 
p y r ifo rm  neu rob la s ts , and a l l  show a c t iv e  m ito s is .
Th is la y e r  in  g rea t p a rt goes to  form the important 
C e l lu la r  p o rt io n  o f  the co rte x  and undergoes a progress 
iv e  su b d iv is io n  in to  la y e rs  up to  a c e r ta in  stage, 
w h ils t  at the same time the c e l l s  advance from th e ir  
p r im it iv e  s ta te  and g ra d u a lly  become angu lar, s t e l la t e  
o r.p y ram ida l,d e ve lo p in g  processes and va ry ing  g re a t ly  
in. s iz e ,
in  a 4  cm Embryo the M antle la y e r  has become d iv id ed  
in to  a narrow p e r ip h e ra l la y e r  which is  the ear l i e s t 
stage o f the c e l lu la r  co rte x  and which p ro g re s s iv e ly  
in crease s in  depth and com p lex ity , and a broader inner 
la y e r  o f c e l l s  which surround the ependymal la y e r ,  and 
which in  the la t e r  specimens becomes p ro g re s s iv e ly  
reduced in  ammount. Between these two c e l lu la r  la y e rs  
l i e s  an in te rm ed ia te  r e t ic u la r  zOne which i s  the e a r ly  
w h ite  or m edu lla ry  cen tre . The Mantle la y e r  is  thus 
e a r ly  subd iv ided  and from now on most a tte n t io n  w i l l  be 
p a id  to the im portant c o r t ic a l  la y e r ,  fo r  the inner 
la y e r  undergoes a steady redu c tio n  e s p e c ia l ly  upon the 
m es ia l su rface  u n t i l  in  a 2 0  cm foetus i t  has p r a c t ic ­
a l l y  d isappeared though a narrow la y e r  o f grey m atter 
s t i l l  p e r s is t s  bn the la t e r a l  aspect and po les o f the 
v e n t r i c le .
in  a 1 0  cm foetus a great advance has occurred and the 
c e l lu la r  co rte x  beneath the m o lecu lar la y e r  has become
d iv id ed  /
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rlepth of the layer.
d iv id e d  in to  th ree  la y e rs  in  great p a r t . At the same 
tim e the hemisphere can he d iv id ed  in to  seve ra l p a rts  
fo r  the d is t in c t io n  between the R h in ic  and h e o p a llic  
area i s  w e ll marked, the former being o f a more 
p r im it iv e  type . The R e o p a llic  co rtex  above c o n s is ts  o f 
two areas, a lower in  which the su b d iv is io n  in to  
la y e rs  is  ve ry  d is t in c t ,  and an upper which passes 
round the supe rio r porder o f the hemisphere and in c ludes 
the upper p a rt o f th e  m es ia l su rfa ce , in  which the 
c o r t ic a l  s tru c tu re  i s  much denser though the same 
la y e rs  can he made ou t. On the m es ia l su rface  the 
co rte x  is  e a s i ly  d iv is ib le  in to  an upper th ic lc  p a rt 
and a lower p a rt which becomes more and more tapered 
o f f Tf in a l l y  undergoing the changes noted la t e r .
Prom 1 0  to  16 eras, growth e v id e n t ly  goes on ve ry  
r a p id ly  and the th ree  main f is s u re s  o f t h is  reg ion  
make t h e ir  appearance and com p lica te  the se c t io n s .
These a re  the p o s te r io r  ends o f the ln t e r c a la r y 7 & 3 ^ 'e a ' 11’*4 
L a te ra l and R h in ic  S u lc i and the la t t e r  is  the f i r s t  
to  appear.
The c e l l s ,  too develop ve ry  r a p id ly  at t h is  stage and 
assume a d e f in it e  angular shape as in  the a d u lt .  The 
co rte x  becomes r e la t iv e ly  deeper and in creases in  
com p lex ity .
In  a 16 cm foetus the l ie o p a ll ic  co rte x  has become 4 
or 5  la ye red  and the c e l ls  o f the v a r iou s  la ye rs  va ry  
in  type and some la rg e  pa le  m u lt ip o la r  c e l ls  make th e ir  
appearance among the in te rm ed ia te  la y e rs .
The R h in ic  area assumes a s t i l l  more d is t in c t iv e  
s tru c tu re  and is  now separated from tthe re s t  o f the
co rte x  /
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co rte x  by the deep R h in ic  f is s u r e .  The whole b ra in  
w a ll i s  th in n e r and the co rte x  i s  narrowerThas a ve ry  
wavy o u t lin e ,  and the outer c e l ls  tend to  form c lu s te r s  
and i t  con ta in s many la rg e  pa le  c e l l s .
The M es ia l aspect o f the hemisphere shows c e r ta in
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c h a ra c te r is t ic  changes as the sec tion s  pass forwards.
I t  becomes d iv id ed  by the corpus ca llosum  in to  an 
upper p a rt which forms the true  m esia l su rface  and 
which bears the in te r c a la r y  f is s u r e  and a lower pa rt 
which undergoes gradual re du c tio n , the co rte x  being 
reduced to  form a ve ry  prom inent band o f la rg e  
pyram ida l c e l l s ,  Th is p a rt l i e s  in  appo s it io n  w ith  the 
mid b ra in  and thereappears g ra d u a lly  in  the in te r v a l 
between them a rounded mass o f c e l ls  which la t e r  jo in s  
the narrow c o r t ic a l  la y e r  and f i n a l l y  becomes in te r ru p t ­
ed by the fo rm ation  o f the ch o ro id a l f is s u r e .  The 
la rg e  s iz e  o f the pyram ida l c e l ls  which p e r s is t  as a 
narrow la y e r  in  t h is  area i s  ve ry  s t r ik in g .  The 
whole s tru c tu re  forms the cornu ammonis and i t s  p r im it iv e  
s tru c tu re  in d ic a te s  i t s  r e la t io n s  to  an o ld e r p o rt io n  
o f the b ra in , v iz .. Rhinencephalon..
in  a 2 0  cm foetus the lam in a tion  o f  the co rte x  has
become s t i l l  more com plicated  and has p r a c t ic a l ly  
reached, the adult type . I t  is  f iv e  or s ix  la ye red  
acco rd ing  as the p e r ip h e ra l c e l ls  are sub -d iv ided  in to  
two se ts or no t, and the most s t r ik in g  fea tu re  has been 
the development o f a deep la y e r  o f la rg e  m u lt i-p o la r  
c e l l s  m ostly  o f pyram ida l type which have' numerous 
processes and abundant R is s l  g ranu les.
Growth has e v id e n t ly  advanced ve ry  r a p id ly  and fou r
main/ /
main f is su re s ' are now present fo r  the p o s te r io r  branch 
o f  the sup ra sy lv ia n  has jo in ed  the o the rs .
The c e l l s  g e n e ra lly  have developed con s id e rab ly  and 
are now o f the adu lt type , many being pyram ida l and 
be ing  set v e r t ic a l l y  .
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The Ependymal Layer which surrounds1 the v e n t r ic u la r  
c a v it y  i s  ve ry  prominent in  the youngest embryo and 
c o n s is ts  o f t a l l  columnar c e l ls  p laced  upon a ve ry  
d e f in it e  in te rn a l l im it in g  membrane, and extending 
outwards to  form a supporting  network or Myelosponge 
fo r  the mantle la y e r  . These c e l ls  g ra d u a lly  become 
reduced in  leng th  and in  a 2 0  cm foetus appear as short 
columnar or cubo ida l c e l l s  l in in g  the v e n t r ic le ,  w ith  
an extrem ely  sm a ll amount o f g rey m atter around them.
I t  w i l l  thus be ev ident th a t the Ependymal la y e r  and 
inner p a rt o f the mantle la y e r  surrounding i t  undergo 
a steady re du c tio n , c o in c id en t w ith  the steady advance 
in  growth and importance o f the co rte x .
So fa r  I have reviewed the changes as fa r  as the 20 cm
foe tu s  and i t  i s  ev ident tha t at t h is  stage a h igh
degree o f development has been reached. The c e l l
lam in a tio n  o f the co rtex  has a tta in e d  the adu lt cond it
- io n  and throughout the Ueopallium  can be regarded as
s ix  la y e re d . Changes subsequent to  t h is  p r in c ip a l ly
cen tre  round a growth in  s iz e  o f the c e l l s ,  an increaste
in  th e ir  a n g u la r ity ,  and a g rea te r development o f t h e ir
processes though the c e l ls  at t h is  stage are w e ll
developed and possess numerous M s s l  g ranu les
E v id e n t ly  /
4-5
E v id e n t ly  growth is  most a c t iv e  "between 1 0  and 2 0  cms 
fo r  "below 1 0  the b ra in  s tru c tu re  i s  s t i l l  o f a ve ry  
inde term inate  cha racte r andthe r a p id it y  o f growth 
a fterw ards i s  ve ry  s t r ik in g .
E v id e n t ly  a lso  the f i l l  development o f the co rtex  and 
i t s  su b d iv is io n  in to  the s ix —laye red  type proceed p a r i 
passu ?rith  the development o f the main s u lc i  o f t h is  
re g io n , as these appear between 1 2  and 2 0  cms when 
growth is  most ra p id  and In the 2 0  cm foetus in  which 
the co rte x  has become f u l l y  subd iv ided  a l l  the four 
main s u lc i  o f the o c c ip i t a l  reg ion  have become w e ll 
marked.
P roceed ing now to  the adu lt sheep there  are seve ra l 
p o in ts  o f in te r e s t .  The Heopa ll1c co rte x  i s  s ix  laye red  
in  i t s  whole extent and the c e l l  lam ina tion  appears to  
be e s s e n t ia l ly  the same throughout, There are however 
c e r ta in  m inor d if fe re n ce s  and the area o f co rtex  which 
l i e s  between the L a te ra l and R h in ic  f is s u re s  i s  perhaps 
not 'qu ite so d e f in it e  as tha t above, fo r  the pyram ida l 
c e l l s  o f the f i f t h  la y e r  are r e la t iv e ly  not so la rg e  
and at the  same tim e the s ix th  la y e r  i s  somewhat 
in creased . The gyrus fo rn ic a tu s  has been shown to  
possess a s p e c ia l s tru c tu re .
Th is  ra is e s  the question  o f the lo c a l iz a t io n  o f the 
V is u a l co rte x  and from what has a lready  been sa id  
rega rd ing  the development and homologies o f the 
In te rc a la ry -C a lc a r in e  f is s u re  or s p le n ia l complex i t  
m ight be expected th a t the v is u a l area would be re la te d  
to  i t ,  Fu rth e r, i t  was noted in  the course o f
development /’
development tha t the co rte x  in  t h is  reg ion  and around 
the supe rio r border o f the hemisphere is  denser, has 
more numerous c e l ls  and a lso  tha t the e a r ly  d if fe r e n t ­
ia t io n  o f the co rte x  in to  i t s  va riou s  la y e rs  is  
s p e c ia l ly  w e ll seen in  th is  area, i t  has a lso  been 
noted tha t the la rg e  pyramids o f the f i f t h  la y e r  are 
ve ry  numerous at an e a r ly  stage.
The co rte x  which extends from the lower l i p  o f the ca lc? ir. 
in t e r c a la r y  f is s u r e  becomes much reduced and i t s  la y e rs  
tend to  fu se , but pass ing  upwards we f in d  co rtex  o f 
e x a c t ly  the same type as tha t around the f is s u re  and 
t h is  extends throughout the m arg ina l g y ru s , round the 
su pe rio r border and down on the la t e r a l  su rface a3 fa r  
as the L a te ra l su lcu s , below which as noted the re  are 
m inor d if fe re n c e s .
I f  the V is u a l area is. denoted by co rtex  o f t h is  type 
i t  must extend over a wide area and i t  is  d i f f i c u l t  to  
p la ce  a lower l im i t  to  i t  o’ n the la t e r a l  su rface o f the 
hemisphere but i t  i s  p robab ly  in d ic a te d  by the la t e r a l  
f i s s u r e .
Return ing  to  the s tru c tu re  o f the c o r te x , the s u p e r f ic ia l  
la y e rs  c a l l  fo r  no s p e c ia l comment except to note tha t 
the m a jo r ity  o f the c e l l s  are p laced  v e r t ic a l ly .  The 
deep la y e r  o f la rg e  pyramids forms a s t r ik in g  fea tu re  
o f the co rte x  and from a co n s id e ra t io n  o f t h e ir  s iz e ,  
w ea lth  o f processes g ra n u la r ity  and e a r ly  development 
one would regard  them im portant c o r t ic a l  u n it s .  They 
ajjpear f i r s t  in  a 16 cm foetus and at 2 0  cms have 
in creased  to form a ve ry  broad la y e r ,  which i s  r e la t iv e ­
l y  more ex tens ive  than in  the a d u lt .  Furthermore these
c e l l s  /
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c e l l s  come in to  c lo se  r e la t io n  w ith  the c e l ls  o f a l l  thje 
other la y e rs  o f the co rte x  fo r  C a ja l p repa ra tion s show 
th a t the ve ry  long  ap ica l, process passes r ig h t  in to  
the su rface  la y e rs  g iv in g  o f f  on i t s  way numerous 
h o r iz o n ta l c o l la t e r a ls  which ramif.y amongst the 
in te rm ed ia te  c e l l  laye rs.. The hasa l dend rites are 
m ostly  h o r iz o n ta l or ob lique  and ram ify  amongst the 
deeper la y e rs .  The a x is  c y lin d e r  process f a i l s  to 
s ta in  in  almost a l l  cases, w h ils t  the long and th ic lc  
a p ic a l processes b u lk  la r g e ly  in  the form ation o f the 
R ad ia ry  P le xu s .
L a s t ly  the R e o p a lllc  Cortex is  capable o f su b d iv is io n  
in to  areas whose l im i t s  are in d ica te d  by the main 
f is s u r e s .  Thus the forn icat®  and m arg ina l g y r i possess 
a d is t in c t iv e  c e l l  s t ru c tu re , and tha t p o rt io n  o f cortejx: 
w h ich  l i e s  between the L a te ra l and R h in ic  f is s u re s  is  
d i f f e r  ent f r  om b o t h .
The M a rg in a l gryus d isp la y s  the most d e f in ite  
c o r t ic a l  s tru c tu re  o f a l l .
4-7
Development of the Choroid Plexus.
In  the  Embryo o f 1 .5  cms, the youngest examined «there 
i s  no Choroid P lexus formed.
In  an Embryo o f 2 .5  cms i t  has been noted tha t the
m es ia l t r a in  w a ll becomes g ra d u a lly  th inned  as the 
se c t io n s  pass' forwards in to  the hem isphere. F in a l ly  at 
a p o in t opposite  the upper end o f the Foramen o f Monro, 
the t r a in  w a ll i s  reduced to  the Ependymal la y e r and 
t h is  th inned  p o rt io n  becomes in vag ina ted  in to  the 
c a v it y  o f the la t e r a l  v e n t r ic le  by a la rg e  th in -w a lle d  
b lood  v e sse l which descends from above in  the in te r v a l 
between the hemisphere and the mid b ra in . The in vag in ­
ated p o rt io n  forms a f in g e r  l i k e  process which at t h is  
stage i s  on ly  s l ig h t ly  convo luted and p resents a wavy 
o u t l in e .  Th is s tru c tu re , the e a r l ie s t  stage in  the 
development o f the Choro id P le xu s , c o n s is ts  o f the 
suppo rting  v e sse l whose w a ll i s  formed by a s in g le  
la y e r  o f e longated r 1 e n d o th e lia l c e l ls ,  and the 
in vag in a ted  ep ith e lium  which covers the v e s se l c o n s is ts  
o f t a l l  columnar c e l l s  w ith  n u c le i set at d if fe re n t  
le v e ls ,  in t e r n a l ly  these c e l ls  l i e  upon a v e ry  d e f in ite  
l im it in g  membrane, w h ils t  t h e ir  ou ter ends' re s t  upon 
the suppo rting  v e s se l.
In an Embrvo o f 4- cms the s tru c tu re  has become more 
com p lica ted  and the in vag ina ted  process has become 
much convo luted and now forms a d e f in it e  p lexus which 
i s  d iv is ib le  in to  two d is t in c t  p a rts  A proxim al 
long stem which is  more or le s s  s t r a ig h t ,  in  which 
the c e l lu la r  covering  i s  th ic k e r  fo r  in  a d d it io n  to  the
ependymal /
Fo e ta l SHEEP. " P le x u s  Canal.
6 cms.
Choroidal cells tall columnar;
C e l l  v e ry  c l e a r l y  o u t l in e d  by t  he silver. 
Plexus much convoluted.
ependymal ep ith e lium  some o f the round c e l ls  o f the 
m antle la jre r are a lso  invag ina ted  in to  the v e n t r ic le  
e s p e c ia l ly  on the lower aspect and Intervene between 
the v e sse l and the superjacent ependyma; a d is t a l
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convo luted pa rt  in  which the va scu la r p lexus is  
covered almost e n t ir e ly  by the ependymal la y e r  which 
c o n s is ts  o f t a l l  columnar c e l l s  w ith  la rg e  ova l or 
rounded n u c le i,  p laced  c lo s e  toge the r.
The b lood  v e sse l which g ive s  o f f  the ch o ro id a l branch 
now extends through the whole extent o f the m esia l 
b ra in  w a ll and the in v a g ln a t in g  v e sse l appears ra th e r 
to  come o f f  the lower p a r t .  in  the p rev ious embryo 
i t  was noted th a t t h is  v e sse l descended from above and 
th a t the main tru n k  d id  not extend along the whole 
su rfa ce  o f the hem isphere,which in  i t s  lower p a rt is  
fused to  the ad jacen t mid b ra in  by a wide c e l lu la r  
b r id g e .
In  fo e t i up to  a leng th  o f 16 cms c e r ta in  changes ocoiir
g ra d u a lly  in  the s tru c tu re  o f the p lexus . I t  becomes 
v e ry  much more convo luted and i s  r e la t iv e ly  much la rg e r 
the c e l l s  cove ring  the p rox im a l s t ra ig h t  pa rt become 
s te a d i ly  reduced to fo rm ,in  the 16 cm specimen?a s in g le  
la y e r  cuboidad c e l l s  On the upper aspect and columnar 
on the low er, set c lo s e ly  together and s ta in in g  d a rk ly  
and coming continuous w ith  the l in in g  ependyma at the 
p o in t where the b ra in  w a ll i s  invag inated ; the c e l ls  
cove ring  the d is t a l  convo luted pa rt o f the p lexus are 
o f a d if fe re n t  type . At f i r s t  t a l l  and columnar they  
s te a d i ly  become both r e la t iv e ly  sho rte r and broader 
and have ve ry  d e f in it e  o u t lin e s .  In the main they 
are ve ry  c le a r ,  though at p laces th e ir  protoplasm
becomes /
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NOTE. 1. Choroidal Epithelium now cuboidal. 
2. Plexus' much convoluted.
becomes more g ranu la r. The n u c le i s ta in  d a rk ly  and
are ova l or rounded and are p laced  at a v a r ia b le  le v e l
though many l i e  near the pe riphe ry . The Choroidal.
E p ith e liu m  hence comes to  resemble ve ry  c lo s e ly  the
c e l l s  o f the se c re t in g  g lands and t h is  s im i la r i t y
becomes a l l  the b e tte r  marked in  the o lde r specimens.
In  a  foetus o f 20 cms a l l  these changes have become   —.—. .
b e tte r  marked and the c e l l s  have become s t i l l  more 
cubo id a l and from th is  stage onwards the cho ro ida l 
e p ith e lium  undergoes a p rog ress ive  redu c tion  and in  a 
30 cm foetus has become almost e n t ir e ly  cubo ida l though 
columnar c e l l s  occur in  p la c e s . In the fo e t i approach­
ing  f u l l  time the c e l l s  become s h o r t ly  cubo ida l or 
f la t te n e d , thus resem bling  the adu lt c o n d it io n  and 
p re sen tin g  a ve ry  marked con tra s t to the very  la rg e  
c e l l s  p resent in  the e a r ly  fo e ta l s e r ie s  extending up 
t  o 2 0  cms.
Hence i t  w i l l  be seen th a t the ch o ro id a l ep ith e lium  
undergoes c e r ta in  changes in  the course o f f u l l  develop­
ment and i s  most prominent in  fo e t i  rang ing from about 
5 to  2 0  cms subsequent to ,w h ich  i t  undergoes a ve ry  
marked redu c tio n  and the la rg e  columnar c e l l s  f i n a l l y  
become r e la t iv e ly  ve ry  much reduced and are e ith e r  
f la t te n e d  or s h o r t ly  cu bo id a l. Th is redu c tio n  in  s iz e  
and type o f the ch o ro id a l ep ith e lium  goes on approxim­
a te ly  p a r i passu w ith  the change in  the ependymal 
ep ith e liu m  as might be expected from th e ir  s im ila r  
o r ig in .
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A s e r ie s  rang ing from an 
Embryo o f 1,4cm 's up to  a foetus o f 20 cm has been 
examined,but l i t t l e  need be sa id ,w ith  regard  to  i t  
except to  po in t :out tne p r in c ip a l d iffe re n ce s  which 
e x is t  between i t  and a s e r ie s  o f fo e ta l sheep o f the 
same range, in  genera l, the developmental stages 
to  be observed correspond ve ry  c lo s e ly  to  those 
a lre ady  described  in  the sheep,but i f  anyth ing the 
P ig  embryo's o f the same leng th  shew a h igher degree 
o f development than the sheep fo r the c e l ls  assume 
a more d e f in i t e ly  angu lar shape and have more 
d is t in c t  bod ies at an e a r l ie r  age, Whether t h is  is  
due to  th e ir  having been b e tte r  preserved is  d i f f i c u l  
to  say but the co n d it io n s  under which the two sets 
o f embryos were obta ined and preserved have been the 
same.
A strong  im pression  is  a lso  g iven  tha t the sub­
d iv is io n  o f the Cortex takes p lace  sooner in  the p ig.
A th ir d  s t r ik in g  d iffe re n ce  between the two 
s e r ie s  becomes apparent in  the o ld e r members and 
c o n s is ts  in  an e a r l ie r  and b e tte r  development o f the 
f is s u re s  in  the p ig .
In a I Q cm foetus
A fa in t  su lcus i s  present in  the
la t e r a l  su rface  o f the hemisphere and t h is  is
e v id e n t ly  the h inder end o f the Rhinic, f is s u r e  fo r
the b ra in  s tru c tu re  below i t  i s  much more p r im it iv e
than above. Th is d iffe re n ce  between the upper and
lower /
Series of roetal ?î ;s,
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lower p o rt io n s  o f co rtex  in  the la t e r a l  su rface  has 
"been noted in  a sheep o f the same age Put no f is s u re  
has appeared to mark the separa tion  e x te rn a lly .
the f is s u r in g  has advanced ve ry  
g re a t ly  and the c a lc a r in e - in te r  C a la ry , L a te ra l .and 
R h in ic  f is s u re s  are a l l  w e ll marked and the appearance 
at t h is  stage is  v e ry  s im ila r  to  tha t seen in  a SO cm 
sheep.
the development o f the f is s u re s  has 
gone s t i l l  fu r th e r  and the p o s te r io r  end o f the 
Sup ra sy lv ian  su lcus has "been added to  the o the rs  
A t t h is  stage the C a lc a r in e - In te rc a la ry  and L a te ra l 
f is s u re s  l i e  v e ry  near each o the r. The whole appear­
ance corresponds f a i r l y  c lo s e ly  w ith  tha t seen in  a 
sheep o f 27 or 30 cms,
In accordance w ith  these changes the co rtex  
w i l l  he seen to  have advanced s im i la r ly  and m e rits  a 
b r ie f  d e s c r ip t io n .
In  Embryos up to  10 cms the s tru c tu re  is  
e s s e n t ia l ly  the sane hut even at t h is  e a r ly  stage the 
c e l l s  have be'come more d e f in i t e ly  angular in  the p ig .  
In a 1 0  cm foetus
the N e o p a llic  co rte x  is  d iv is ib le  
in to  fou r la y e rs  the c e l ls  beneath the m o le cu la r 
la y e r  be ing  d iv id ed  in to  an inne r and outer set by an 
in te rm ed ia te  opener la y e r  .Many o f the c e l ls  are 
m arkedly angu lar or pyram idal tape r ing  o f f  to  a po in t
and /
and be ing  set v e r t ic a l ly .
In a 15 cm foetus
the ITeopa llic  co rtex  appears to  be 
o f  p r a c t ic a l ly  the same s tru c tu re  in  i t s  whole extent 
and c o n s is ts  o f the fo llo w in g  la ye rs  
1 . M o le cu la r .
3 , Broad and c lo s e ly  packed la y e r  o f sm all angular
c e l ls  the in term ost o f which are la rg e s t ,  might 
be described  as a separate la y e r ,
3, F a i r ly  t h ic k  la y e r  o f la rg e  v e r t ic a l  pyram idal 
c e l l s  sending t h e i i r y ^ * 2  processl}/ outwards, 
which form the most ou tstand ing  fea tu re  o f the 
co rte x  at t h is  stage.
4-. V a r ia b le  la y e r  o f sm a ll or medium s ize d  ir r e g u la r  
c e l l s .  Th is  la y e r  v a r ie s  in  depth and is  much 
, reduced at the bottom o f the f is s u re s .
In the area ly in g  between the la t e r a l  and 
R h in lc  f is s u re s  t h is  la y e r  i s  in creased  in  depth and 
thus makes the whole co rte x  deeper.
In some p lace s a few o f the la rg e  c e l ls  o f 
the t h ir d  la y e r  appear to  wander out and form an 
in d e f in it e  la y e r  amongst the outer band o f sm a ll c e l ls  
On the m es ia l su rface  o f the b ra in  the co rte x  
becomes g re a t ly  attenuated below the reg ion  o f the 
C a lc a r in e - In te rc a la ry  f is s u re  and i s  pushed outwards 
by the mid b ra in .  I t  i s  reduced to  two la y e rs  o f 
c e l l s  and g ra d u a lly  becomes d iv id ed  up in  the manner 
a lre ady  described  in  the sheep's b ra in .
The R h in lc  Area
i s  separated from the be®, p a lliu m
by /
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by a deep f is s u re  and has a m od ified  s tru c tu re . The 
la rg e  c e l ls  predominate as in  the sheeps b ra in .
In a 30 cm foetus
the development has advanced s t i l l  
fu r th e r  and the co rte x  has become s ix  laye red  in  the 
whole extent o f the neopa llium . The c e l l  lam ina tion  
i s  as fo llo w s  :-
1 . M o le cu la r  la y e r  o f o rd in a ry  type .
3. Layer o f sm all or medium ir r e g u la r  and angular 
c e l l s .
3. Layer o f scan ty  la rg e r  pyram ida l c e l ls  set v e r t ic ­
a l l y  whose processes f a i l  to  s ta in  p ro p e r ly .
4. Layer o f sm a ll ir r e g u la r  c e l l s  s im ila r  to  those at
the su rfa ce , but more numerous and form ing a 
broad z6 n®.
5. Layer o f la rg e  pyram ids, almost a l l  o f which are
p laced  v e r t ic a l ly ,  sending a w e ll marked a p ic a l 
p rocess out towards the su rface  and having a 
few in d e f in it e  i l l - s t a in e d  basa l p rocesses. Th is 
la y e r  forms the most s t r ik in g  fea tu re  o f the 
co rte x  and though present throughout appears to  
be best de fined  in  the reg ion  o f the In te rc a la ry  
f is s u re  where the c e l l s  are most abundant.
6 . Layer o f ir r e g u la r  c e l l s  o f v a r ia b le  s iz e  and shape
ly in g  next the w h ite  cen tre . Th is la y e r  v a r ie s  
in  depth and is  much reduced at the bottom o f 
S u lc i ,  Beneath i t  ly in g  in  the s u p e r f ic ia l  
pant o f the w h ite  cen tre  are some la rg e  sca tte r- ' 
ed c e l ls  many o f which are h ig h ly  fu s ifo rm . 




are "best seen towards the upper border o f the 
hem isphere, and at the bottom o f the s u lc i  l i e  
p a r a l le l  to  the su rface  g iv in g  the im pression 
tha t they have been f la t te n e d  by the ingrowth 
o f the co rtex  to  form the f is s u r e .
The above s tru c tu re  i s  present in  the whole 
exten t o f the Heopallium  w ith  s l ig h t  d iffe re n ce s  in  
th ichn.ess o f the Cort'j^ai la y e rs  here and th e re , w h ils t  
m e s ia lly  the same changes a lready  described  tahe piafce
The R h in ic  Area c a l ls  fo r  on sp e c ia l d escrip  
t io n  except to  note the depth o f the m o lecu la r la y e r ,  
and the predominance o f the la rg e  c e l l s ,  which pass 
outwards and invade to  a g reat extent the p e r ip h e ra l 
c e l lu la r  1 ayer s .
La s t ly  one may c a l l  a tte n t io n  to the degree
o f development o f the nerve c e l ls  g e n e ra lly  and especi
- a l ly  o f the la rg e  pyram ids and to  the fa c t th a t almost 
aw.
a l l  o f these^erect and send th e ir  a p ic a l processes 
outw ards.
Th is concludes the p ig  fo e ta l s e r ie s  and 
though i t  may seem a short one i t  w i l l  be seen la t e r  
from the d e s c r ip t io n  o f the adu lt p ig  tha t the c e l l s  
lam in a tio n  o f the N e o p a llic  co rte x  has reached the 
adu lt c o n d it io n , and subsequent changes up to  f u l l ­
time must co n s is t  almost e n t ir e ly  o f a f u l le r  deve l­
opment o f the nerve c e l l s  and th e ir  processes which 
w i l l  render the su b d iv is io n s  in to  la y e rs  yet more 
d e f in it e .  I t  w i l l  fu r th e r  be noted th a t, w ith  the 
com pletion  o f the f is s u r a t io n ,  the co rtex  a t ta in s  the
ad u lt /
56.
ad u lt type o f lam in a tion  and lias "become in  genera l 
s ix - la y e re d , m ere  are c e r ta in  m inor d iffe re n ce s  
in  the va r io u s  la y e rs  in  d if fe re n t  areas, "but the 
bullc o f the IT eopa llia l co rte x  conforms to  the genera l 
type« Reference w i l l  "be made to  these d iffe re n ce s  
in  the adu lt p ig .
Sections across the p o s te r io r  end o f the 
v e n t r ic le  show tha t "well marked d iffe re n ce s  e x is t  
between c e r ta in  p o rt io n s  o f the N e o p a llic  co rtex  
though i t  is  p o s s ib le  to  reduce p r a c t ic a l ly  the whole 
area to  a genera l type o f lam in a tio n . Th is w i l l  be 
mentioned f i r s t  and then the v a r ia t io n s  in  the d i f f e r ­
ent areas po in ted  ou t. The p o rt io n  o f b ra in  under 
b ra in  i s  deep ly indented by the C a lca r in e  in te r c a la r y ,  
the la t e r a l  and the R h in ic  f is s u re s  w ith  some sm a lle r 
s u b s id ia ry  furrows between them.
General type o f c&O. lam in a t io n  o f Neo-pallium
1. M o le cu la r la y e r  o f con s ide rab le  depth, con ta in in g
scanty la rg e  pa le  c e l l s  s u p e r f ic ia l ly  and sm all 
dark c e l l s  deep ly,
2. Layer o f sm all angu lar and pyram idal c e l l s ,
3« Layer o f medium pyram ida l c e l l s .
These two la y e rs  may q u ite  w e ll be considered  
toge ther and form a narrow band o f v a r ia b le  
depth .
4 o Open la y e r  o f sm a ll ir r e g u la r  angu lar c e l l s
supported e v id e n t ly  by a p le n t i f u l  f ib r e  
re t icu lu m  w ith  a few la rg e r  c e l l s  in  i t .
5 , Layer o f la rg e  v e r t ic a l  pyram ida l c e l l s 7few in  num­
ber g e n e ra lly  but the la rg e s t  in  the whole cortexj,
They are e rect w ith  a p ic a l dendrons pass ing  out­
wards amongst the s u p e r f ic ia l  la y e rs ,  and a few 
short basa l processes pass ing  h o r iz o n ta l ly ,





Th is  la y e r  i s  extrem ely v a r ia b le  in  depth being g rea t­
l y  reduced at the bottom o f the s u lc i  and there having 
i t s  c e l l s  arranged c i i ’c u m fe re n t ia lly .
V a r ia t io n s  in  d if fe re n t  Areas
Area 1 , Th is in c lu d e s  the gyrus fo rn ic a tu s  ly in g  
between the bottom o f  the C a lca r in e  In te rc a la ry  
and the corpus ca llo sum , and is  indented by the 
su p ra sp le n ia l su lcu s . In th is  area the t o t a l  depth 
o f the co rte x  i s  much reduced and a gradual a ttenua tion  
goes on do?m to  the le v e l o f the commissure. At the 
same time the in d iv id u a l la y e rs  become b e tte r  defined  
through, the te x tu re  be ing opener.
The su rfa ce  pyram ids are g re a t ly  reduced and 
become much sm a lle r and ir r e g u la r  near the commissure, 
w h ile  the la rg e  pyram ids o f the 5th . la y e r  are 
r e la t iv e ly  in crea sed . P r io r  to  the form ation o f the 
corpus ca llosum  th is  la rg e  pyramid la y e r  was d ir e c t ly  
continuous in  the m es ia l su rfa ce  w ith  the la rg e  c e l l s  
o f  the Cornu Amndonis.
A re a ,2, Ly ing  between the C a lca r in e  in te r c a la r y  and
3 ^  ̂ r1rr.'7~rtriiB
la t e r a l  f is s u re s  and in c lu d in g  the Gyrus M a rg in a l is ,
In t h is  area, e s p e c ia l ly  at the convex ity  o f 
the Gyrus, the co rte x  i s  o f con s ide rab le  depth. The 
s u p e r f ic ia l  pyram idal la y e rs  are w e ll mar Iced, though 
the c e l l s  are not numerous nor o f la rg e  s iz e .  They 
are m ostly  p laced  v e r t ic a l ly  w ith  th e ir  a p ic a l dend- 
rons pass ing  outwards.
The r e t ic u la r  sm all c e l l  la y e r  is  broad. The 
deep pyramids are scanty but ve ry  w e ll d e fined .
The deepest la y e r  is  broad and con ta ins in  i t s  
deeper p a rt many sm all ,elongated pyramids set v r t i c -  
a l l y .
A rea 3, Ly ing  between the la t e r a l  and R h in ic  f is s u re s  , 
Here the lam in a tio n  i s  not so d e f in it e  as in  
area 2  though the t o t a l  depth o f the co rte x  is  g r e a te r , 
owing to  an in c rea se  in  the breadth o f the deepest 
la y e r .
Hear the R h in ic  f is s u r e  the co rtex  beg ins to 
show a t r a n s it io n  to a s im p le r type.
The R h in ic  Area
possesses a much more rud im entary s t r u c t ­
u re  and is  made up o f fou r lam inae :-
1 , The-M o lecu lar i s  o f great depth and con ta in s ver,y
few c e l l s ,
2, Outer la y e r  o f la rg e  angu lar dark s ta ined  c e l l s
A
p laced  q u ite  i r r e g u la r ly .  These c e l ls  show tthe 
u sua l tendency to  form c lu s te r s .
3, Broad open r e t ic u la r  la y e r ,
4 , Deep la y e r  o f medium s ize d  fu s ifo rm  and angu lar
c e l l s  ly in g  next the w h ite  m atte r.
The area is  th e re fo re  ch a ra c te r ize d  by the 
depth o f the M o le cu la r la y e r  and the predominance o f 
la rg e  d a rk ly  s ta in in g  c e l l s  near the su rfa ce .
The H etroa lli'a l C o rte x ,th e re fo re ,a s  in  the sheep 
can be subd iv ided  i n t i  area by th~ main s u lc i  and 
o f these the Margh: '1 gyrus d isp la y s  the most d is t in c t ly  





1. Lamination fairly definite..
2. Superficial pyramidal layer of no great depth 
Small celled layer broad.
4.. Deep large: pyramids: scanty.
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Adult PIG,
Nissl.
Cortex lying between Lateral and Rhinie Sulci.
NOTE.
1. Lamination much 'less defined.




I* Reduction in depth of Cortex..




1. Primitive type, of cortex.
2. Superficial polymorphs relatively few
and clustered arrangement not so marked. 
Two artifacts appear in section.
s o
Se rie s  o f Fe r re t  B ra in s ,
T liis  commences w ith  an Embryo o f 6  mm and 
passes g ra d u a lly  at short in te r v a ls  up to the newly 
born an im al, As these b ra in s  have not been s ta ined  
by any o f the sp e c ia l methods i t  w i l l  not be p o s s ib le  
to  g iv e  a d e ta ile d  account o f the c e l l  s t ru c tu re , and 
the d e s c r ip t io n  w i l l  be con fin ed  to  a genera l account 
o f the changes observed during the course o f f u l l  
development, the su b d iv is io n  o f the p rim ary  la y e rs  o f 
the b ra in  w a ll ,  &c. The d e s c r ip t io n  g iven w i l l  in  
most cases be taken from se c t io n s  which pass across the 
p o s te r io r  end o f the v e n t r ic le ,
In Jtn  Embryo o f  6 rom the b ra in  w a ll i s  extrem ely th in  
and c o n s is ts  o f a la y e r  o f c e l l s ,  seve ra l deep, ly in g  
between ve ry  d is t in c t  in te rn a l and ex te rn a l l im it in g  
membranes. These c e l l s  are la rg e  rounded or ova l 
n e u ro b la s ts ,c lo s e ly  packed, A l l  possess d is t in c t  
n u c le i,a n d  many con ta in  seve ra l sm a ll b la c k  p o in ts  
which almost c e r t a in ly  in d ic a te  the m ito t ic  processes 
going on in  the c e l l s  and judg ing  by the number o f 
c e l l s  which con ta in  these dark g ranu les , the process 
must be going on ve ry  r a p id ly  a t  t h is  stage.
Ad jacent connective t is s u e  c e l l s  and e s p e c ia l ly  the 
la rg e  nucleated  red b lood  co rpusc les show the m ito t ic  
p rocesses extrem ely w e ll.
Both w a lls  o f the b ra in  are at f i r s t  o f about equal 
th ic kn e ss , but more a n te r io r  sec tio n s show tha t the 
m es ia l w a ll comes to  be about tw ice  as deep as the
la t e r a l  /
FERRET, 6mm. X 85.
V e r t ic a l s e c t io n  through deve lop ing  head.
1. Primitive structure of brain wall
2. The thick mesial brain wall.
5. Thinning at upper pole:.
4. Close resemblance: between hemisphere and midL-brain.
la te r a l. ,  which seems to  la g  "behind in  growth. Both 
w a lls  are tapered towards the supe rio r "border o f the 
hemisphere and around t h is  border and fo r  some d istance  
downwards on the la t e r a l  su rface  the b ra in  w a ll c o n s is ts  
s im p ly  o f a s in g le  la y e r  o f c e l ls  ly in g  between the 
l im it in g  membranes.
I t  is  in te re s t in g  to  note th a t the tube o f the m i d b r a l r  
shows a s im ila r  s tru c tu re , being tapered o f f  above Intc 
a th in  lam ina o f f la t te n e d  c e i l s .
The b ra in  w a ll th e re fo re  at t h is  stage d isp la y s  i t s  
e a r l ie s t  and most rud im entary s tru c tu re , c o n s is t in g  
s im p ly  o f an aggregation  o f a c t iv e ly  growing and 
d iv id in g  n eu ro b la s ts , enclosed bt two l im it in g  membranes
In  an Embryo o f 8 ,2  mm, the s tru c tu re  shows a con s id e r­
ab le  advance and the b ra in  w a ll i s  now d iv id ed  in to  
th ree  laye rs:- -
1= P e r ip h e ra l r e t ic u la r  l ayer, broader on the la t e r a l  
su rfa ce  , and co n ta in in g  sca tte red  la rg e  round c e l l s ,  
v e ry  scan ty  near the su rfa ce , more numerous deeper down
2. A broad mantle la y e r  composed .of: la rg e  rounded or 
p y r ifo rm  c e l l s ,  c lo s e ly  packed. Th is c e l lu la r  la y e r  
i s  ve ry  much deeper than in  the p rev ious embryo, the 
c e l l s  are la rg e r ,  many are more d is t in c t ly  p y r ifo rm , 
and the m ito t ic  processes are e v id e n t ly  ve ry  a c t iv e ,
3. in te rn a l Ependymal la ye r o f columnar c e l l s  which
pass outwards in to  the mantle la y e r  and re s t  in t e r n a l ly
in  a l im it in g  membrane. These c e l ls  are not very
c le a r ly  marked o f f  from one another and th e ir  in ne r
p o rt io n s  are c le a r  and apparen tly  homogeneous, thus
form ing a c le a r  area around the v e n t r ic le ,  some o f
uhe /
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FERRET' 8. 2  mm. X85.
1. Peripheral reticular layer.




the  rounded germ inal c e l ls  show m ito t ic  f ig u re s  
s p e c ia l ly  w e ll,
The inne r w a ll o f  the  hemisphere at t h is  stage is  
th in n e r than the ou ter and the m o lecu la r or p e r ip h e ra l 
r e t ic u la r  la y e r  i s  reduced and the more a n te r io r  
se c t io n s  show tha t these d iffe rences- become b e tte r  
marked.
At t h is  e a r ly  stage the outermost c e l l s  o f the mantle 
la y e r  are not so c lo s e ly  packed and are s p e c ia l ly  ova l 
or p y r ifo rm  and thus may be regarded as form ing a 
sp e c ia l la y e r .
The Embryo o f 10 mm c a l ls  fo r  no s p e c ia l d e s c r ip t io n , 
except to  note th a t the s tru c tu re s  p re v io u s ly  described  
become b e tte r  de fined , the outer c e l ls  o f the mantle 
la y e r  form ing a more d is t in c t  band and a narrow opener 
la y e r  appearing between the Ependymal ep ith e lium  and 
the t h ic k  c e l lu la r  la y e r .
A il 19: o f  13 o 5 mm shows tha t the s tru c tu re  o f the 
b ra in  w a ll i s  as fo llo w s  : —
1, P e r ip h e ra l r e t ic u la r  la y e r  ( hencefo rth  c a l le d  the 
m o lecu la r ) o f f a i r  w id th  con ta in in g  numerous c e l l s  in  
i t s  deepest p a r t ,
2 ;. Narrow loose  la ye r o f la rg e  c e l l s ,  much b e tte r  marker, 
on the la t e r a l  su rfa ce . The c e l ls  are almost a l l  
p y r ifo rm  and as the se c tio n s  pass forwards they become 
more numerous and come to form a prominent p e r ip h e ra l 
la y e r  on the outer su rface w h ils t  m e s ia lly  there  is  




I. peripheral reticular layer..
2. Bread Mantle layer.
S. Numerous dark germ cells' showing mitosis 
in the Ependymal layer.
FERRET, 13, 5 cms.
X 47.
NOTE.
1. Differentiation of brain wall more advanced
laterally.
2. Peripheral Cortical cell layer split off from
the Mantle layer in the lateral wall..
6 3
3« Open r e t ic u la r  la y e r  con ta in ing  sm a lle r sca tte red  
s e l ls ,  ve ry  narrow at f i r s t ,  Put g ra d u a lly  coming to  forjn 
a Proad la y e r  e x te rn a lly ,
i. Layer' off oval, o r  fu s i form c e l ls  wh ich are set para lle jL 
to the su rfa ce  TP is  layer- i s  ve ry  scanty in  the e a r ly  
sec tions ,and  remains;:.so m e s ia lly ,  Put l a t e r a l l y  soon fo r 
a, Proad and ve ry  d is t in c t  layer, whi h  is  s p e c ia l ly  prom­
inen t owing to  i t s  c e l l s  Pe ing  p laced  at r ig h t  angles to  
the c e l l s  o f  the other la y e r s .
5., Broad la y e r  o f  c lo s e ly  packed la rg e  ova l or p y r ifo rm  
s e l ls  -  the deeper p a rt o f the o r ig in a l mantle la y e r .
3. Ependymal E p ith e liu m  the c e l l s  s t i l l  Pe ing o f 
con s ide raP le  le n g th .
H it o t ic  p rocesses are s t i l l  v e ry  a c t iv e .
An EmPryo o f 17 mm, shows v e ry  l i t t l e  change. The
su b d iv is io n  o f  the la t e r a l  P ra in  w a ll i s  the same 
though the la y e rs  are more d is t in c t .  The m es ia l Trail 
i s  on ly  about h a l f  the depth o f the la t e r a l ,  thus show­
ing  tha t there  must Pe d is t in c t  v a r ia t io n s  in  growth 
a c t iv i t y  in  the two w a lls ,  fo r  in  the e a r lie s t, emPryo 
examined the m es ia l w a ll rfas much the . th ic k e r .  The 
lower pa rt o f the hemisphere is  Proader than the upper, 
a p o in t a lso  noted in  the youngest emPryo,
A foetus o f 23.5 mm. shows tha t d i f f e r e n t ia t io n  has
advanced con s id e rab ly , even the sec tio n s  through the 
ex trem ity  o f the o c c ip it a l  lope showing tha t tP.ere is  a
prom inent /
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prom inent p e r ip h e ra l c e l l  la y e r  ly in g  next the M o lecu les, 
much b e tte r  marled in  the la t e r a l  su rface ,
The L a te ra l b ra in  w a ll shoves the fo llo w in g  la y e rs  
Which are q u ite  d is t in c t  even in  the e a r l ie s t  se c tio n s  
across the v e n t r ic le
1. Mole c u la r  la y e r  o f moderate depth, con ta in in g  
numerous c e l l s ,  many o f which are e longated and p laced  
p a r a l le l  to  the su rfa ce ,
3» Prom inent la y e r  o f la rg e  p y r lfo rm  neu rob lasts  
se ve ra l deep, packed c lo s e ly  toge ther,
3. C lea r r e t ic u la r  la y e r  o f  about the same depth as 
the p receed ing , b u i l t  up o f a ve ry  d is t in c t  re t icu lu m  
o f f ib re s  sca tte re d  between which are a f a i r  number 
o f  c e l ls  o f v a r io u s  types,
4 . Layer o f sm a lle r p y r ifo rm  c e l l s  set m ostly  
v e r t ic a l l y  ly in g  d i r e c t ly  upon the next la y e r ,
5. Layer o f e longated fu s ifo rm  c e l l s ,  sm a lle r than thf 
c e l l s  o f  the outer la y e rs ,  a great many be ing  set 
o b liq u e ly  or even p a r a l le l  to the su rface  e s p e c ia l ly  
towards the upper and lower borders o f the hem isphere.
The two preced ing la y e rs  have e v id e n t ly  a r is e n  out 
o f the s in g le  la y e r  o f sp in d le  c e l l s  described  in  
e a r l ie r  embryos by a re-arrangement o f the outermost 
c e l l s ,  which are more rounded or p y r ifo rm .
6 . Broad la y e r  o f c lo s e ly  packed la rg e  p y rifo rm  
neu rob lasts , not so deep r e la t iv e ly  as in  e a r l ie r  b ra in b - , 
V, Ependymal la jre r in  which the c e l l s  have become 
sh o rte r , though s t i l l  v e ry  prom inent.
The M e s ia l b ra in  w a ll i s  on ly  about h a l f  as t h ic k  as
the /
FERRET, 17 mm. 
X 93.
1. Early condition of the. Choroid Plexus.
2. Differentiation of brain wall well started.
3. Peripheral Cortical cell layer well marked
in lateral wall.
4. Ependymal and germ cells well seen.
FERRET, 23. 5 m. m.
X 47.
NOTE.
1. Further differentiation of brain wall.
2. peripheral cortical layer very well marked later­
ally.
3. Further splitting up of Mantle layer.
4. The difference in depth of the lateral and mesial
walls;
the outer and shows the fo llo w in g  la ye rs  
1 - M o le cu la r „•
2, Layer o f scanty la rg e  round or pear shaped c e l l s ,  
one or two deep, thus ve ry  much th in n e r than the 
correspond ing la y e r  in  the outer 'bra in  w a ll,  but becomin 
th ic k e r  where the two la y e rs  become continuous above 
and below .
3, Narrow r e t ic u la r  la y e r ,  con ta in in g  s ca tte re d  la rg e  
c e l l s ,
4 , Narrow la y e r  o f sp in d le  c e i l s  ly in g  m ostly  p a r a l le l  
to  su rfa ce ,
&. Broad la y e r  o f la rg e  neu rob la sts  - as a lre ady
6 . Ependymal la y e r .  J  described ,
The m es ia l w a ll hence .shows a more p r im it iv e  s tru c tu re  
than the ou te r, i s  le s s  w e ll d if fe re n t ia te d  and the. 
la y e rs  are a l l  r e la t iv e ly  much th in n e r.
M ito s is  i s  s t i l l  ve ry  a c t iv e ,  the f ig u re s  be ing p a r t ic ­
u la r ly  w e ll seen in  the Ependymal c e l l s .
In  a foetus o f  25,5 mm, the s tru c tu re  remains e s s e n t ia l!  
the same, but the c e l l s  and the la.yers show g rea te r 
d i f f e r e n t ia t io n  and the p e r ip h e ra l la y e r  o f  la rg e  c e l l s  
i s  much b e tte r  marked. The genera l d iffe re n ce s  between
the two b ra in  w a lls  are m ain ta ined.
In  a foetus of  33 mm- con s ise rab le  advances have 
occu rred .
The L a te ra l w a ll in  se c tio n s  across the h inder end o f
--------- n iim i  1 1 in in 1 —n— -— -m m m -i— —
the v e n t r ic le  shows the fo llo w in g  s tru c tu re  




FERRET, X 90. 
2&  5 mm.
1. Differentiation much further advanced.
2. Relative depth and differentiation of the
mesial and lateral wall.
3. Very prominent Cortical cell layer laterally.
4. Remainder of Mantle layer subdivided and
Medullary centre well marked.
V̂ N.
are more abundant than e a r l ie r  t r a in s .
2 , Prom inent hand o f c lo s e ly  packed d a rk ly  s ta in ed  
angu la r or pyram ida l c e l l s  o f la rg e  s iz e  set m ostly  
v e r t i c a l l y .  In atout the lower th ir d  o f the w a ll t h is  
la y e r  g ra d u a lly  "becomes reduced u n t i l  at the lower 
"border i t  ceases to  e x is t  as a d e f in it e  la y e r .
Beneath t h is  la y e r  there  are a number o f sca tte re d  
la rg e  c e l l s  which m ight be regarded as a separate band,
3, Broad r e t ic u la r  la y e r  con ta in ing  numerous sm all 
fu s ifo rm  or angu lar c e l l s ,  w ith  o cca s iona l la rg e r  ones.
4 , A broad la y e r  o f  sm a ll fu s ifo rm , ova l or rounded 
c e l l s ,  the deeper o f  which are se t more i r r e g u la r ly  thajn 
the ou te r, and at the upper l im i t  o f the v e n t r ic le  
become ob lique  and p a r a l le l  to the su rfa ce , thus 
e v id e n t ly  b e in g  the remains o f th a t la y e r  seen in  the 
e a r ly  stages.
5, F a i r ly  broad band o f la rg e  neu rob lasts  which are 
assuming an angu lar or pyram ida l shape. Th is la y e r  
has become r e la t iv e ly  much reduced,
6 , Ependymal E p ith e liu m , the c e l ls  o f which have a lso  
undergone re du c tio n , though s t i l l  t a l l  and columnar 
w ith  tapered outer ends which pass out amongst the ce ll| i 
o f  the p rev ious la y e r .
The M e s ia l b ra ln -w a ll p resen ts the fo llo w in g  p o in ts  o i
d if fe re n c e
1. The M o lecu la r l ayer at f i r s t  o f average th ickness  
in  i t s  whole extent becomes th ickened  in  i t s  c e n tra l ard 
lower p a r ts ,  and they are in creased  so as to form three 
la y e r s ,  and e x tren a l c o n s is t in g  o f s in g le  scan ty
fu s ifo rm  c e l ls  set p a r a l le l  to  the su rfa ce , a m idd le
la y e r  /
la y e r  o f  s im ila r  and la rg e r  c e l ls  many o f them set in  
the same way, and an in te rn a l,  in  which the c e l l s  are 
sm a lle r , more ir r e g u la r  and darker,
3, The prom inent outer la y e r  o f la rg e  angu lar c e l ls  
wh ich at f i r s t  extends through the whole leng th  o f t h is  
su rfa ce  is  much th in n e r than on the outer w a ll,  is  
tapered  o f f  at i t s  lower end and th is  th in  p o r t io n  
g ra d u a lly  d isappears as a d is t in c t  la y e r  and i t s  lower 
end comes to  l i e  at an in c re a s in g ly  h ighe r le v e l ,  The 
whole la y e r  s im i la r ly  becomes much th in n e r .
3, The open r e t ic u la r  la y e r  is  much th in n e r.
4 , The two la y e rs  beneath are more d is t in c t  though not 
so broad fo r  the deeper c e l l s  are more d e f in it e ly  
p laced  p a r a l le l  to  the su rface  so tha t the two la y e rs  
are se t almost at r ig h t  ang le s.
5, The deep c e l l  la y er and the Ependyma present no 
s p e c ia l fe a tu re s .
The deep la y e r  o f la rg e  c e l l s  in  the more a n te r io r  
se c t io n s  becomes th ickened  near the lower end o f the 
v e n t r ic le  and on the in ne r s id e  o f t h is  ly in g  between 
i t  and the su rface  the re  appears a dark mass o f c e l ls  
which soon en larges and p resen ts a c a v ity  in  i t s  cen tre . 
I t s  in n e r w a ll then fuses w ith  th ickened  lower end o f 
the la y e r  described  above and th is  p o rt io n  then th in s  
and breaks down thus d iv id in g  the c e l l  mass in to  two 
p a r t s , S im i la r ly  the inner la y e r  o f c e l ls  breaks 
down and the v e n t r ic u la r  w a ll comes to  c o n s is t  s im p ly  
o f the Ependymal c e l ls  and th is  th in  w a ll soon becomes 
in vag ina ted  in to  the v e n t r ic le  by a la rg e  th in  w a lled  
b lood  v e sse l which ascends in  the in te rn a l between the 
m id b ra in  and th e .hem isphere, and thus the Choroid
p lexus /
67
The lower po r t io n  o f  the Hemisphere re q u ire s  a s p e c ia l 
d e s c r ip t io n  as i t  d i f f e r s  from the other p a r ts .  Even 
in  the e a r ly  se c tio n s  i t  is  more massive than the upper 
p a r t ,  and the more a n te r io r  se c t io n s  show th a t a fa in t  
d ip  occurs on the su rfa ce  ju s t  about the ju n c t io n  o f th|c 
lower and upper two th ird s  o f the hemisphere, which is  
p robab ly  the E a r ly  R h in ic  f is s u re  fo r i t  i s  at. t h is  
p o in t th a t the s tru c tu re  beg ins to be m od if ied . The 
s p e c ia l fe a tu re s  are
1, The p e r ip h e ra l la y e r  o f la rg e  c e l ls  becomes much 
reduced, and the c e l l s  are s c a n t ie r  though o f ve ry  
la rg e  s iz e ,  p y r ifo rm  or angu la r.
2 , The c le a r  area beneath i s  at f i r s t  q u ite  d is t in c t  
but at the con ve x ity  o f the lower border i t  becomes 
o b lite ra te d  as the c e l l s  in crease  and thus the re  comes 
to  be a broad mass o f c e lls , extending from the iio le cu lg jr 
la y e r  to the Ependymal la y e r ,  though the outermost are 
the la rg e r  and s t i l l  form a d e f in it e  la y e r .
3, The M o le cu la r la y e r  con ta in s  ve ry  few c e l l s .
The c e l l s , g e n e ra lly ,  are much fu r th e r  developed than i|n 
the e a r l ie r  embryos and have assumed a more angu lar 
shape, though processes are s t i l l  not ve ry  w e ll de fined  
The la rg e s t  and best developed c e l l s  are found in  the 
prom inent p e r ip h e ra l la y e r ,  and in  the remains o f the 
mantle la y e r  around the v e n t r ic le .  The c e l ls  o f the 
in te rm ed ia te  la y e rs  are much sm a lle r, are m ostly  mar he 
l y  fu s ifo rm  and possess sm a ll darh ova l or rounded 
n u c le i.  W hile most are se t v e r t ic a l ly ,  some l i e
p a r a l le l  /
DO
plexus is formed.
M ito s is  i s  e v id e n t ly  going on ve ry  a c t iv e ly  fo r  the
oy
parallel to the surface.
f ig u re s  are much in  evidence
In^a foetus o f 39 jto  40 mm, though the same genera l 
fe a tu re s  d e ta ile d  fo r  the la s t  embryo are p resen t there  
are d is t in c t  advances and p o in ts  o f d if fe re n c e .
The la t e r a l  w a ll c o n s is ts  o f
1, The M o le cu la r la y e r  con ta in s  an outer and inne r set 
o f  c e l l s ,
2 , The la y e r  o f  la rg e  c e l l s  i s  much broader and the 
c e l l s  are fu r th e r  advanced. I t  i s  tapered o f f  below 
and w ith  the appearance o f the fa in t  su lcus described  
changes i t s  cha ra c te r in  the lower pa rt o f the hemi­
sphere. On i t s  deep su rfa ce  the loose  la y e r  o f la r g e r  
c e l l s  has become more ex tens ive  and may w e ll be regarded 
as form ing a separate zone.
3, The R e t ic u la r  la y e r  i s  broader and is  fo r  the most 
p a rt formed o f bundles o f f ib r e s  runn ing p a r a l le l  to  
the su rfa ce . S ca tte red  through i t  are numerous sm a ll 
c e l l s ,  most o f which are fu s ifo rm  or pyram ida l and are 
set v e r t ic a l l y  sending t h e ir  a p ic a l p rocesses outwards 
at r ig h t  angles to  the main f ib re s  of. the la y e r .
4 , A broad la y e r  o f sm all ir r e g u la r  c e l l s ,  m ostly  
fu s ifo rm , lo o s e ly  paclced and supported by an abundant 
re t icu lu m .
5, A broad la y e r  o f c lo s e ly  paclced sm a ll ir r e g u la r  and 
deep ly  s ta ined  c e l l s ,  se t q u ite  i r r e g u la r ly ,  a f a i r  
number being p a r a l le l  to  the su rfa ce .




I.. Brain wall wall differentiated.
2. Prominent cortical layer,best marked laterally
3. Remains of Mantle; layer around Ventricle
s till  plentiful.
much narrower than in  e a r l ie r  embryos and i s  the deepes 
p o r t io n  o f the o r ig in a l mantle la y e r  which has been 
undergoing gradua l re du c tio n .
7, Ependymal E p ith e liu m , the c e l l s  being much sho rte r 
and approaching more to  the adu lt c o n d it io n .
The su b d iv is io n  o f t h is  w a ll has th e re fo re  become more 
complete, and the d if fe re n t  la y e rs  are more c le a r ly  
demarcated,
The M e s ia l w a ll is  th in n e r than the outer and shows th 
same genera l changes as in  the p rev ious b ra in ,  v iz ,  a 
g radua l th in n in g  in  i t s  lower p a rt and f i n a l l y  the 
in te r ru p t io n  to  admit the Choroid plexus,, The la y e rs  
o f t h is  w a ll are
1 , M o le cu la r, w ith  two se ts  o f c e l l s .
2, Layer o f c lo s e ly  paclced v e r t ic a l l y  set la rg e  
pyram ida l c e l l s  th in n e r than tha t on the ou ter su rface  
and g ra d u a lly  in te r ru p te d  below .
3, R e t ic u la r  la y e r  co n ta in in g  numerous la rg e  angu lar 
c e l l s  and a v e ry  few sm a ll fu s ifo rm  or pyram ida l c e l ls  
such as predominate in  t h is  la y e r  in  the outer w a l l .  
T h is  la y e r  is  set d i r e c t ly  upon the next are w ithout 
the in te rv e n t io n s  o f the loo se  la y e r  o f fu s ifo rm  
v e r t ic a l  c e l ls  so w e ll seen in  the la t e r a l  w a ll,  fo r 
th a t appears to  absent.
4 , Broad la y e r  o f f a i r l y  la rg e  ir r e g u la r  c e l l s ,  the 
deeper being fu s ifo rm  and set m ostly  p a r a l le l  to  the 
su r fa c e ,
5, Layer o f la rg e  c e l l s ,  c lo s e ly  paclced and s im ila r  tc  
th a t in  the outer w a ll,  but r e la t iv e ly  much narrower.





The Lower th ird , or R li in ic  Area o f trie hemisphere presen ;s
the same fea tu res noted in  the p rev ious embryo, hut 
they  are b e tte r marked and th is  p a rt is  v e ry  d if fe re n t  
from the upper p o rt io n s  o f the b ra in .  Between i t  and 
the v e n t r ic le  there  has g ra d u a lly  appeared a th ic k  roun 
mass o f  c e l l s  e v id e n t ly  developed from the lower ends 
o f the c e l l  la y e rs  around the v e n t r ic le .
M it o t ic  processes though s t i l l  w e ll seen in  the 
Ependymal c e l l s  has become much le s s  a c t iv e  and in  
a s so c ia t io n  w ith  t h is  i t  i s  in te re s t in g  to note th a t th£ 
m a jo r ity  o f the red -b lood  co rpu sc le s  have lo s t  t h e ir  
n u c le i at t h is  stage.
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In  a foetus o f 43,5 mm, c e r ta in  fu r th e r advances have 
occurred  :
1 . The p e r ip h e ra l . c o r t ic a l la y e r  ly in g  next the 
M o le cu la r has become deeper, and the c e l ls  have develop­
ed fu r th e r ,  on both su rfaces o f the hem isphere. The 
la rg e  sca tte red  c e l l s  seen on i t s  deep su rfa ce  have 
become more abundant and more c lo s e ly  packed thus form 
in  g a more d e f in it e  la y e r ,  e s p e c ia l ly  l a t e r a l l y .
2, The broad r e t ic u la r  la y e r  p re v io u s ly  described  has 
in creased  in  w id th  and the c e l ls  in  i t  are much scant iejr 
and are o f sm a ll s iz e .  Th is la y e r  now e v id e n t ly  forms 
the w h ite  cen tre  w h ils t  the  o v e r ly in g  la y e rs  c o n s t itu te  
the tru e  co rte x . At t h is  stage and w ith  a n o n -d if fe r ­
e n t ia l  s ta in  i t  i s  d i f f i c u l t  to  d iv id e  the co rte x  in to  
la y e rs ,  but one can say th a t the la rg e s t  c e l l s  l i e  
deep ly,
O /
3. The deeper c e l l  la y e rs  surrounding the v e n t r ic le  
show coined d e n ta lly  w ith  the g rea te r development o f the 
p e r ip h e ra l la y e rs  to  form a more d e f in it e  co rte x , a 
re d u c t io n  in  r e la t iv e  importance, though s t i l l  o f 
con s id e rab le  depth.
4-, The R h in ic  Area or lower t h ir d  o f the hemisphere 
has become even more c le a r ly  demarcated from the upper 
p a r t s .
F o e t i o f 53 and 54 mm- and a newly born fe r r e t  p resent 
v e ry  s im ila r  fe a tu re s .
The co rte x  has become f u l l y  d if fe re n t ia te d  in to  la y e rs
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which w i l l  be described  in  d e t a i l  la t e r  in  the adu lt 
b ra in .  Hear the p o s te r io r  e x trem ity  o f the lobe the 
s tru c tu re  is  s im ila r  on both su rfaces o f the hemisphere 
but towards the lower border i t  i s  much tapered o f f .  
L a t e r a l ly  the l im i t  between the H e o p a ll ia l and R h in ic  
c o r te x  i s  ve ry  c le a r ly  shown even in  the e a r ly  se c tio n s  
M e s ia l ly  the same changes d e ta ile d  in  p rev ious b ra in s  
occu r, r e s u lt in g  in  a g radua l th in n in g  o f the b ra in  
w a ll ,  and i t s  f in a l  in v a g in a t io n  by the Choro id  p le xus . 
The R h in ic  Area p resen ts a s p e c ia l s tru c tu re  to  be 
d e ta ile d  la t e r .
The M edu lla ry  cen tre  i s  o f f a i r  depth and con ta in s 
many sm all c e l l s ,
The C e l lu lar  la y e rs  around the v e n t r ic le  have become 
g re a t ly  reduced, e s p e c ia l ly  m e s ia lly  in  the more 





Complete differentiation of brain wall. 
Various layers of cortex i l l  defined. 
Cellular layers around ventricle s ti l l  well 
marked.
and .opposite the lower po le  o f the v e n t r ic le  in crease  
to  form a la rg e  ova l c e l l  mass, in d ic a t in g  the Basa l 
g a n g lia .
The Ependymal E p it j ie llu m  has "become reduced to  a la y e r  
o f  sho rt columnar c e l l s .
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Adu lt Fe rre t
For i t s  s iz e  t h is  "brain i s  w e ll f is s u re d  and the 
o c c ip i t a l  re g io n  shows w e ll marked Calc a r in e - in t  ere a la r  [7 , 
L a te ra l and R h ln ic  f is s u re s  w ith  some sm a lle r m inor 
fu rrow s. In correspondence w ith  t h is ,  the co rte x  is  
w e l l developed, and the c e l l  lam in a tio n  v e ry  c le a r ly  
de fined .
The heou a l l i c C o rtex Shows v a r ia t io n s  in  s tru c tu re  in  
d if fe re n t  p a rts  and i s  capab le o f su b d iv is io n  in to  areals. 
In genera l i t  conforms to  the s ix  or seven la ye red  type 
acco rd ing  as whether the s u p e r f ic ia l  pyram id la y e rs  are 
subd iv ided . The m es ia l and la t e r a l  su rfaces o f the 
hemisphere in  the e a r l ie r  se c t io n s  show a rough ly  
s im ila r  cha rac te r but m e s ia lly  changes, soon occur and 
as the Corpus Callosum is  reached the c o r t ic a l  structurje  
a lt e r s  e n t ir e ly .  The e s s e n t ia l changes c o n s is t  in  the 
disappearance o f the s u p e r f ic ia l  pyram idal c e l l s ,  an 
in crease  in  depth o f the sm all g ranu la r c e l l s  and 
f i n a l l y  the la rg e  c e l l s  o f the f i f t h  la y e r  predom inate.
A gradual th in n in g  o f the m esia l b ra in  w a ll occurs and 
i t  i s  u lt im a te ly  in te rru p te d  by the in va g in a t in g  Choroi 
P le x u s ,
The /
The d e s c r ip t io n  o f the c o r t ic a l  lam ina tion  Is taken 
from se c tio n s  across the h inde r end o f the v e n t r ic le  
and the Corpus Callosum ,
The E e o p a ll ic  Cortex extending from the le v e l o f  the 
Corpus Callosum to  the R h in ic  f is s u re  can be d iv id ed  
in to  th ree areas, v iz
A rea  I . Th is extends from the supero-m esla l border to  
the la t e r a l  f is s u re  and has a ve ry  d e f in it e  lam in a tio n
1. M o le cu la r la y e r  o f o rd in a ry  type .
2 , Layer o f sm all pyram ids o f f a i r  depth. The c e l l s  
are m ostly  e r e c t .
3. Layer o f s c a n t ie r  medium erect pyram ids.
4 , Layer o f sm a ll g ranu la r and fu s ifo rm  c e l l s .  Th is 
la y e r  is  v e ry  c le a r ly  de fined  and separates ve ry  c le a r l|y  
the s u p e r f ic ia l  from the deep pyram ids.
5. Layer o f la rg e  e rec t pyram ida l c e l l s ,  set v e r t ic a l ly ,  
w ith  outw ard^  d ire c te d  a p ic a l dendrons. These c e l l s  
are scan ty  but are the la rg e s t  o f the co rte x  and the 
apex dendron passes r ig h t  out to end amongst the 
su rface  la y e rs ,
6 , F a i r ly  broad la y e r  o f sm a ll ir r e g u la r  angu lar and 
g ranu la r c e l l s ,  which undergo re du c tio n  at the bottom 
o f the s u lc i .
The above la y e rs  are extrem ely c le a r ly  de fined  and th is
*
may be taken as the type , from which c e r ta in  v a r ia t io n s  
occur on e ith e r  s id e  o f the area,
Area I I  extends from the C a lca r in e  In te rc a la ry  fissur4 
to  the Corpus Callosum . The depth o f the co rte x  is  
g ra d u a lly  reduced as the Commissure is  approached and 





1. Lamination very distinct..
2. Superficial pyramids abundant.
3. Large deep pyramids prominent.
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NOTE.
1, Very deep Molecular layer.
2. Nested arrangement of superficial polymorphs.
pyram ids are la r g e ly  rep laced  by an in crease  and 
m ig ra t io n  outwards o f the sm all g ranu la r c e l l s .  The 
la rg e  deep pyramids are o f a d if fe re n t  type and are 
p a le  and stumpy,
A rea I I I . Th is extends from the la t e r a l  down to  the 
R h in ic  f is s u re .  The genera l depth o f the co rtex  is  
in creased  con s id e rab ly , t h is  be ing due to  a g rea te r 
development o f the sm a ll c e l le d  la y e rs ,  v iz ,  the fou rth  
and the s ix th .
A t the same tim e the v a r io u s  la y e rs  are 2io t so c le a r ly  
d if fe r e n t ia t e d  and a c e r ta in  amount o f fu s io n  occu rs. 
The la rg e  deep pyramids are somewhat d if fe r e n t ,  do not 
a.1 1  l i e  e rec t and t h e ir  processes do not s ta in  so w e ll.  
Rear the R h in ic  f is s u r e  shows a t r a n s it io n  towards the 
o lfa c to r y  type and the su rface  pyram ids are g re a t ly  
reduced.
The R h in ic  Area d isp la y s  the usua l cha rac te rs  v iz
1 . Very deep M o le cu la r la y e r .
2 . S u p e r f ic ia l la y e r  o f la rg e  ir r e g u la r  dark c e l ls  
tend ing  to become c lu s te re d .
3. R e t ic u la r  la y e r  con ta in in g  f a i r l y  numerous sm all 
c e l l s .
4 . Deep and broad la y e r  o f medium s ized  ir r e g u la r  
c e l l s .
SUMMARY^
The development o f the b ra in  w a ll has been tra ced  
through a l l  i t s  stages t i l l  the adu lt type i s  a tta in e d  
The rudiment o f the c e l lu la r  co rtex  i s  s p l i t  o f f  from
the /
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trie m antle la y e r  at)out the time the foetus reaches 1 0 mm 
T herea fte r i t  in creases in  depth and com p lex ity , w h ils t  
the  deeper pa rt o f the o r ig in a l mantle la y e r  undergoes 
re tro g re s s iv e  changes and d isappears in  g reat part«.
The genera l changes are so s im ila r  to  those a lready  
reviewed in  other anim als th a t no d e ta i ls  need he added 
The Cortex, as m ight he expected from the degree o f 
f is s u r a t io n  o f the h ra in  is  w e ll developed and conforms 
to  the s ix  or seven la ye red  type . The c e l l s  are 
abundant, c le a r ly  de fined  and have numerous processes 
Many are pyram ida l and the s u p e r f ic ia l  pyram idal la y e rs  
are f a i r l y  deep,
The V is u a l A re a , i t  has heen po in ted  out tha t the 
N e o p a llic  co rte x  can he subd iv ided  in to  areas w ith  
c e r ta in  v a r ia t io n s  in  s t ru c tu re . The gyrus m a rg in a lis  
has a s p e c ia l ly  d e f in it e  s tru c tu re  an'd from th is  and 
from i t s  r e la t io n  to  the C a lc a r in e - in te r c a la ry  f is s u r e ,  
one would a sc r ib e  the V is u a l fu n c t io n  to  i t .
The Choro ida l E p ith e liu m . Th is undergoes c e r ta in  
changes in  the course o f development which are worth 
d e ta i l in g .  In the youngest 6 mm embryo the m es ia l 
b ra in  w a ll,  as noted i s  th ic k e r  than the ou te r, the re  
i s  no ch o ro id a l f is s u re  and th e re fo re  no Choro id  p lexu  
In  an Embryo o f 13.5 mm. the wide communication between
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the I i l r d .  and la t e r a l  v e n t r ic le s  p resent in  the younger 
embryos o f 8  and 1 0  mm. has become narrowed to  form the 
foramen o f Monro, which at t h is  stage is  r e la t iv e ly  a 
long  cana l. The m es ia l b ra in  w a ll as noted, under­
goes a gradual th in n in g  and at a le v e l correspond ing 
to  the opening o f the foramen o f Monro in to  the la te ra l.
v e n t r ic le  /
v e n t r ic le ,  i t  becomes reduced to a la y e r  o f columnar 
c e l l s ,  Which is  invag inated  in to  the v e n t r ic le  by a 
la rg e  th in  w a lled  b lood  v e sse l which d iv id e s  to  form a 
mass o f convo luted ca p illa r ie s^ w h ich  w ith  t h e ir  cove rin k  
o f in vag ina ted  E p ith e liu m  c o n s t itu te  the Choroid p lexus 
The Choro ida l E p ith e liu m  hence co n s is ts  e s s e n t ia l ly  o f 
a la y e r  o f columnar c e l l s  set c lo s e ly  toge ther and 
con ta in in g  la rg e  ova l or rounded n u c le i showing m ito t ic  
f ig u re s .  On the lower su rface  o f the in vag ina ted  
b lood  v e sse l the E p i t h e l ia l  covering  c o n s is ts  o f a s ing  
la y e r  o f columnar c e l l s  but above some o f the round 
neu rob lasts  which l i e  next the Ependymal c e l ls  are a lso  
in vag ina ted  and pass inwards fo r  some d is tance  upon the 
v e s s e l. The C ho ro ida l E p ith e liu m  hence a r is e s  from 
an in v a g in a t io n  o f the Ependymal c e l l s  which l in e  the 
v e n t r ic le  and i s  d i r e c t ly  continuous w ith  them.
An Embryo o f  83 .5  mm shows ve ry  s im ila r  fe a tu re s  and
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the E p ith e liu m  i s  s t i l l  columnar and th a t which covers 
the deepest convo lu tion s o f the p lexus has the n u c le i 
near the fre e  border o f the c e l l s ,  w h ils t  in  the proxim  
pa rt they are c e n t r a l ly  p laced . The basa l p o rt io n s  
o f the c e l l s  are ve ry  c le a r  and show l i t t l e  s t ru c tu re .
In  an Embryo g f  33 mm, the c e l l s  have become r e la t iv e ly  
sh o rte r and the d iffe re n ce s  noted above between the 
d is t a l  and prox im al p a rts  is  'well marked.
In  an Embryo o f 40 mm. the c e l l s  are s t i l l  sh o rte r and 
at the convex ity  o f the convo lu tion s o f the p lexus are 
cubo ida l ra th e r than columnar and in  a s l ig h t ly  o ld e r 
embryo cubo ida l c e l ls  predom inate, and cover p r a c t ic a l ly  
the whole o f the p lexus .
L a s t ly  /
L a s t ly ,  in  the fu l l- t im e  fe r re t  the ch o ro id a l c e l l s  
are f la t te n e d  or cubo ida l e s p e c ia lly  on the e a r ly  
s t r a ig h t  pa rt o f the p lexus , a marked change from the 
t a l l  columnar c e l ls  seen in  the young embryos,
Th is gradual reduction  o f the Choro ida l E p i t h e l ia l  c e l l s  
appears to  proceed p a r i-p a ssu  w ith  the re du c tio n  in  
len g th  o f the Ependymal c e l l s ,  a n a tu ra l sequence o f 
events when one cons ide rs th a t the o r ig in  o f the two 





1. Early condition of plexus,
2. Choroidal cells columnar.





1. Plexus becODiing convoluted.




Choroidal cells finally cuboidal.
Series of Cat Brains,
a ? fW rx
In a foetus of 12 cms. two sulci have appeared, the 
Calcarine intercalary on the mesial and the Rhinic 
on the lateral surface. The cortex is already fairly 
well differentiated.
The cell lamination is as follows in the Reopalllum 
1 o Molecular layer of fair width containing numerous 
cells disposed in an inner and outer layer.
2. Outer cellular layer composed of large well formed 
closely paclted angular cells. The deeper cells of this 
layer are larger than the outer and together they 
form a very prominent hand.
3. Intermediate reticular layer containing a large 
number of cells on the lateral surface hut much better 
defined and opener on the mesial aspect. This open 
layer is specially well seen around the supero-mesial 
border of the hemisphere.
4. Inner cellular layer containing a mixture of large 
and medium sized cells of which the deeper are scatter­
ed in the outer part of the subjacent white matter.
The Rhlnlc Area shows a modified structure for the 
inner and outer cell layers described above have 
become much reduced and the intermediate layer is 
wider and opener.
Later .lections across the hinder end of the ventricle 
show that upper ends of the hemispheres gradually ap­
proach one another and become closely apposed>thus
pushing the midbrain downwards,and in these vertical 
apposed surfaces the intercalary fissure appears.
On the mesial surface the cortex is gradually narrowed
7S
in its lower part being pushed out by the mid-brain 
and the inner and outer prominent cell layers come to­
gether to form a narrow band of large pyramidal cells 
lying between the molecular layer and the ventricle.
The cells of this layer are extremely well developed ar.d 
send their processes out to the surface mostly. Finally 
this layer becomes interrupted and ends above and below 
in two recurved extremities. The portion of cortex 
just below the region of the developing Intercalary 
fissure which overlies the mid brain is opener in 
structure and the cells much scantier, and this is the 
position in which the fibres of the Corpus callosum 
gradually appear.
The Commissure- is of considerable thickness and 
stretches outwards to become continuous with those 
fibres around the upper end of the ventricles.
On the lateral surfacg, and apposed portions of the 
Mesial surface the cortical structure appears to be 
essentially similar till the Rhinic fissure is 
approached.
Around the Calcarine Intercalary fissure and on the 
upper part of the lateral surface, the intermediate 
reticular zone between the inner and outer prominent 
cell layers is very distinct.
The cortical structure corresponds with that already 
given in general, the cortex can evidently be divided 
into three areas; an upper extending into the mesial 
surface to the intercalary fissure marked by a clear 
intermediate layer, a middle portion where the cells 
are specially abundant, and a lower adjoining the
^Rhinic /
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Rhinic fissure, where the cells are much scantier and 
the deep cell layer much reduced.
The Rhinic Area shows a modified structure. The 
external cortical cells are specially prominent, there 
is a reticular layer and the area between it and the 
lower end of the ventricle contains many cells.
The Ependymal Epithelium consists of short columnar 
or cuboidal cells and around the outer surface of the 
ventricle there is a thick layer of cells, increased 
at the upper end of the ventricle specially, whilst 
mesially this layer is extremely thin and consists only 
of one or two cells.
The Choroidal Epithelium covering the Plexuses consi st * 
of very large columnar cells, cuboidal in places, and 
with extremely clear outlines.
81
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In a Kitten two'days after birth. the eyes still 
closed7the fissures are well developed, the Calcarine- 
Intercalary and Rhinic are deeper and the Lateral is 
present. The "breadth of the cortex has increased, 
its subdivision is more complete, and the cells are 
"better developed.
Mesially the same changes occur in the cortex which 
comes to lie under the Corpus Callosum, viz a gradual 
thinning and division into upper and lower portions.
The cells are large and form two layers, the deeper 
cells "being larger and more angular.
The Lateral cortex is divided into the following 
layers
1. The Molecular layer, containing a fair number of 
cells,
2. An outer thickly packed layer of cells, the outer 
small pyramidal, the deeper medium sized pyramidal 
cells set vertically mostly.
3. A layer of larger better defined pyramidal cells 
which stain better and have much more evident processes,
4. A broad layer of small irregular cells supported 
by a plentiful reticulum,
5. A layer of very large angular cells placed deeply.
6 . a layer of small irregular fusiform or rounded 
cells containing a few larger elements, this layer 
lying upon the white centre and being variable in depth 
in different areas. At the bottom of the fissures 
this layer is greatly reduced and the large cells lie 
almost directly upon the Medullary centre.
The cortex lying between the lateral and Rhinic
fissures /
fissures is broader than that above.
The Ependym a l Epithelium has become much re d u ce d  and 
is Cuboidal, whilst th e  c e l l s  a round  a re  much fe w e r, 
and the fibrous r e t ic u lu m  more e v id e n t .
Adult Cat,
Several specimens have been examined by different 
methods and the Cajal preparations have been most 
effective,
Rear the extremity of the occipital area the cortical 
lamination appears to be essentially similar on both 
surfaces, but as the sections pass forwards, gradual 
changes occur and the appearance becomes complicated by 
the numerous fissures, Mesially there are two, the 
upper being the long and deep Calcarine-intercalary, 
and the lower shallow and short sulcus being the Supra- 
splenial. Laterally, there are the Lateral, Supra- 
sylvian and Rhinic fissures.
The cortex on the mesial surface undergoes a gradual 
reduction in depth till finally it forms a prominent 
layer of extremely well developed pyramidal cells which 
belong to the Cornu Ammonia. When the Corpus Callosum 
appears it separates this structure from the gyrus 
fornicatus.
The Eeopallial Cortex which extends from the gyrus 
fornicatus to the Rhinic fissure appears to conform 
throughout to a general type of cell lamination, with 
certain modifications in different areas. The cortex
of /
of the gyrus marginalIs is specially definite and may 
he taKen as the type.
General type of Cell lamination
at* ,.'.¿.1 ; j =zassaao»awwcsn«fc>«r~̂ -, wmgaA .'i,
1, Molecular layer containing a few small cells,
2, Small pyramidal cells,
3, Medium pyramids,
4, Large erect pyramids with numerous processes which 
stain well, the apical passing out to the Molecular 
layer -
Taicen together these three layers are of very consider­
able depth, and the cells are mostly erect,
5, Layer of small irregular cells with abundant 
reticulum.
6 , Layer of very large pyramidal cells, which form one 
of the most notable features of the cortex. The cells 
vary in shape and though mostly pyramidal with a very 
long apical den dr on running outwards, they may be 
rounded with indefinite processes,
7, Layer of fairly large irregular fusiform or angular 
cells, with occasional large rounded or pyramidal cell 
scattered amongst them. At the bottom of the fissures 
the cells of this layer become flattened and elongated 
and lie parallel to the surface,
The cortex lying between the Lateral and Rhinlc fissur^
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is of a slightly different structure. It is deeper 
than that above and this appears to be due mostly to ar 
increase of the small cell layers, especially the 
deepest, some of whose cells are of considerable size, 
The lamination is not so definite as in the upper area 
and near the Rhinic fissure there is a transition to
the •/
Adu lt CAT. Ca.jal
M a rg ina l gr y r us.
f
NOT- .
I. Deep pyramidal layer..
Well develpoed layer of large vertical pyramids 
beneath the small & medium.
S. General cell wealth.
The Rhinlc Area is also modified and this area extends 
from the bottom of the Rhinic fissure to the lower end 
of the ventricle on the mesial surface.
The Cortex is laminated as follows
1. The Molecular layer is very deep and contains numer­
ous small cells,
2. An extremely prominent layer of medium or large 
sized pyramidal cells, scattered among which are some 
small pyramids, the cells being set irregularly.
3, An open reticular layer containing some scattered 
medium to large pyramidal cells.
4, A layer of cells corresponding to the deepest layer 
of the other parts of the brain, some of the cells 
being fairly large.
The Ependymal Epithelium. consists of two layers of 
flat or Cuboidal cells. Outside it there is a 
plentiful reticulum of fibres and neuroglia,
SUMMARY
As regards Cortical cell structure, in
1 . the Embryo of 12 cms, the cells are arranged in 
three layers, outer, middle and inner beneath the 
Molecular layer. Of course the cells in these layers 
are not all of the same type and further subdivision 





that on the mesial surface undergoing a characteristic 
reduction in its lower portion» The upper portion 
which lies above the Corpus Callosum and surrounds the 
Calcarine Intercalary fissure is characterized "by the 
clear area between the inner and outer prominent layers 
of cells and this arrangement persists around the upper 
border aiid upper part of the lateral surface of the 
hemisphere. The cortex between this and the Rhinic 
fissure is broader and the cells are more abundant, 
and the structure of the Rhinic area is also different 
Hence at this stage the cortex shows, a subdivision 
which corresponds pretty closely to that found in the 
adult.
2, The brain of the newly born hitten presents no 
special features.
3, in the adult brain the cortex has become still
further subdivided into six or seven layers and of the^e 
the most noteworthy are the outer and inner layers of 
large cells -
The cortex of the gyrus fornicatus is much reduced in 
depth, the superficial pyramidal cells are largely 
replaced by a migration outwards of the cells from the 
r et i cular 1ayer.
The cortex of the gyrus marginalis which extends from 
the Calcarine-intercalary to the Lateral sulcus 
possesses a characteristic structure, the large super­
ficial and deep cells being specially prominent though 
apparently not peculiar to this area,
That cortex lying between the Lateral and Rhinic 
fissures is deeper, the cells generally being more
abundant /
abundant, especially in the deepest layer.
The lieopallial cortex Hence is capable of subdivision 
into at least three areas, whose limits are clearly 
indicatedly the main fissures.
The Rhinic Area returns to the three layered structure, 
large cells being specially numerous peripherally, 
whilst the Molecular layer is very deep.
The Cells generally are well developed, particularly 
the larger pyramidal cells of the heopallic cortex which 
possess numerous processes, the apical in all cases 
being most prominent and in some cases extending 
practically through the whole thiclcness of the cortex, 
Further these pyramidal cells are usually set vertically 
and send their apical processes outwards, and the 
surface layers are of considerable depth.
Visual Area. Working on homologies one is inclined to 
place the visual Area in that portion of Cortex which 
lies between the Calcarine-intercalary and the lateral 
fissures for the cortex on either side possesses a 
different structure. In other words, the Visual Area 
lies in the Marginal gyrus, which possesses a very 
definite type of cell lamination.
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ADULI DOG.
The cortex of the occipital region of the dog 
presents several interesting features. The cortical 
depth is greater relatively than in the brains 
previously described, and it is arranged in a more 
complex manner. The most striking feature in the 
greater part of the Ueopallial cortex is the presence 
of a superficial and a deep layer of very prominent 
large pyramidal cells which show a special affinity 
for the silver method of Cajal. The wealth of 
medullated fibres is also greater and their arrangemen 
is also well brought out by Cajal's method.
The fissures- are also a little more complicated and on 
the mesial surface there are two, the lower being the 
long and deep calcarine-intercalary or splenial complex 
and the upper the supra-splenial whilst, in the lateral 
surface, the posterior ends of the lateral,supra- 
sylvian and Rhinic fissures are all well marked and th^re 
are in, addition some shallow subsidiary sulci.
The posterior extremity of the lobe calls for no 
special description and the detailed account given 
below is taken from sections near the hinder end of 
the corpus callosum.
The mesial surface of the hemisphere undergoes the 
same changes detailed in previous brains. The true 
mesial surface which bears the calcarine-intercalary 
fissure is relatively of greater extent, and the lower 
part which lies in apposition with the mid brain is 
correspondingly reduced and the intervening corpus
callosum /
1 al cortex which extends from the calcarine 
intercalary sulcus to the Rhinic fissure may he divided 
into two areas hy the lateral fissure.
The upper area Which lies "between the calcarine- 
intercalary and the lateral fissure and includes the 
large marginal gyrus presents the same cortical struct­
ure throughout,
The Cell lamination is a s follows :-
1, A Molecular layer of moderate depth which presents 
no special features,
2, Layer of small and medium pyramidal cells, the 
larger lying deeply and the two sets together forming 
a fairly "broad peripheral layer of cells,
3, Outer layer of large pyramidal cells which are set 
mostly vertically and stain very darkly, forming a very 
prominent feature of this region. These cells are not 
veryabundant, are” almost all pyramidal: with a long 
apical process which passes straight out to the over- 
lying layers giving off some horizontal collaterals On 
its way, whilst the "basal processes are numerous and 
those which arise from -the angles run either obliquely 
or horizontally,
4, Layer of small irregular angular cells of fair width 
supported by an abundant fibre reticulum,
5, Deep layer of large dark pyramids very similar to 
the outer large cells. They are almost all set vertic­
ally and possess very long apical processes which exteni 
right out to the surface layers. The processes of 





1. The superficial large pyramids.
2. The deep large pyramids.
3. Cortex very deep relatively.
Adult DOG.
Marginal gyrus.
a radially striated appearance to the overlying cortex 
and in their passage outwards give off numerous collater­
als which pass off at right angles and help to form 
horizontal lands of fibres'. These cells are scanty 
"out their, large size and numerous processes make up for 
their paucity .of numbers, Their basal processes are 
long and many of them pass away horizontally from the 
parent cell,
6. layer of small stellate irregular or fusiform cells 
of variable depth and much reduced at the bottom of the 
sulci. The most striking feature of this area is the 
presence of the external and Internal layers of'large 
pyramid's which closely resemble each other though of 
course the apical processes of the deeper cells are verjr 
much longer.
The Lower Area, extends from the Lateral to the Rhlnic
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fissure and its cortical structure is vsyy similar to 
that above except that the outer large pyramids are 
almost entirely absent and occur only at wide intervals 
At the same time the deep large pyramids are relatively 
more numerous, The cortex is perhaps relatively deeper 
owing to an increase of the small celled layers.
The Gyrus Tornicatus displays a special cell structure
for in it the cortex becomes much attenuated towards 
the corpus callosum, the superficial small celled layer 
largely replaces the surface pyramids, and the individual 
layers fuse to a great extent. The large deep pyramid? 




The Rhlnlc Area though relatively large calls for no 
special description.
The visual Area probably lies in the gyrus marginalia 
which has a very distinctive type of lamination and a 
special development of superficial pyramidal cells of 
varying size. If this be so the area is a very large 
one for the marginal gyrus is both broad and long.
processes.
H
Serles of Rabbit Brains.
Tills includes a 2 era foetus, a full time foetus and 
the adult ■.
In a foetus o.f_2_cms The train wall has the following 
structure, as displayed by sections across the poster! 
end of the ventricle
1. Harrow peripheral reticular layer (Molecular) 
containing some small round cells, and a deep layer of 
scanty fusiform cells lying parallel with the surface,
2. Harrow hand of rounded cells, scanty in the upper 
part of the hemisphere, hut increased telow to form
a very distinct layer.
3. Opener indefinite layer containing small cells.
4. Broad and prominent layer of large pyriform neuro- 
blasts, Layers 2,3 and 4 are evidently a development 
of the original mantle layer, and the subdivision 
becomes more definite in the more anterior sections.
5. Ependymal layer formed of tall columnar cells set 
closely together, with nuclei at different levels.
The inner ends of these cells are placed upon a very 
definite limiting membrane, while the outer ends 
become tapered off and pass outwards among the cells 
of the outer layers, thus forming a supporting network 
Later sections show certain definite changes on both 
surfaces of the brain.
Mesially the Molecular layer becomes much broader and 
the other layers are more clearly differentiated. 
Finally the brain wall becomes thinned and interrupted 
towards its lower part and the cell layers end above
RABBIT, 2 cms.
NOTE.
1. Differentiation of brain wall well begun.
2. Peripheral cortical layer just beginning to appear
in the lateral wall.
and below this gap in two thick recurved masses. 
Laterally the brain wall varies in thickness above and 
below being much deeper below,
in correspondence with this fact the different layers 
of cells are much better defined below, the layer of 
large cells lying next the molecular layer being 
specially prominent, whilst the open layer beneath it 
is very broad and contains numerous small cells.
The Lower third of the lateral brain wall therefore 
presents a special structure, and probably corresponds 
to the hinder end of the Rhinic area.
The Cells, generally, belonging to the cortical layers 
at this stage are large rounded or pyriform neuroblasts 
and in the molecular layer there are special fusiform 
cells.
9g
.In a full-time foetus the structure is. as follows 
Early sections from near the end of the occipital lobe 
show that the hemisphere may be divided into upper and 
lower portions
The upper appears to have the same type of cortical 
structure on both surfaces though the cells form a much 
deeper layer laterally. The most striking feature is 
the presence of a deep layer of large deeply stained 
cells which ends abruptly above and below. The 
remainder of the structure calls for no special 
description.
The lower occupies the lower third or more of the
hemisphere /
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iiemisphere, possesses a specially deep Molecular layer, 
and consists mostly of large pale closely packed cells. 
The "boundary line "between these two areas is very 
distinct and in later sections "becomes even more so, 
thus delimiting the Rhinic and Reopallial portions,.
In sections across the hinder end of the ventricle 
further differentiation has occurred- The upper ends 
of the hemisphere approach and gradually become closely 
apposed above the mid-brain and future site of the 
Corpus Callosum.
Meslally the brain wall and the cortex lying in the
outer aspect of the mid-brain become thinned. The 
cortex is reduced to a promenent layer of large 
pyramidal cells lying close to the ventricle and finality 
as the brain wall becomes interrupted by the formation 
of the Choroidal fissure ends above and below in 
recurved extremities, The portions between the upper 
of these and the two apposed surfaces is fairly broad, 
several cell layers are present and it marks the site 
of the future Corpus Callosum,
The Rhinic fissure is. faintly marked on the surface and 
marks a change in cortical structure. The cortex on 
the apposed mesial surfaces and lateral surface and 
lower borders of the hemisphere differs in structure 
and can be divided into two parts which become more 
clearly demarcated as the sections pass forwards- 
1 ° From the mesial surface, round the superior border 
and for rather more than the upper half of the lateral 
surface, the cortex presents a characteristic structure 
and is subdivided into the folloyiring layers :-
1, /
1. Molecular layer of average width.
2. Layer of small pyramidal cells..
3. Layer of medium pyramids. These two layers may
quite well be considered as one.
4. Broad layer of small, closely packed irregular cellls.
5. Broad layer of specially large pyramidal cells
some of which stain very -darkly. They are mostly set 
vertically and send their apical processes outwards.
This layer and especially the darkly stained cells are 
characteristic of this area for the large dark cells 
come to an abrupt end On the apposed mesial surfaces 
above, and below end at some distance from the Rhinic 
fissure.
6. Clear reticular narrow zone containing a few small 
cells.
7. Broad layer of medium sized, irregular cells lying 
upon the White centre, amongst which there are occasior- 
al large pyramidal cells with outwardly directed 
apical processes.
II. Intermediate Area lying between the lower end of 
(I) and the Rhinic area.
In this the cortical structure above described is 
modified as follows The cells do -not stain so
well, the layer of small cells is deeper and the large 
celled layer is set directly upon the deepest layer, 
without the intervention of the clear reticular zone 
seen above. The specially large dark cells of the 
upper area are absent.
The Rhinic Area, extends from that fissure to the 
lower border of the hemisphere: At first it is very
thick /
9 5
thicK and the cells are arranged into a inroad outer 
layer of small medium and large angular cells, the 
large being most abundant, and a narrow inner layer of 
smaller cells separated by an intermediate reticular 
area •
Later the area becomes much reduced but the layers can 
still be defined and the large cells predominate. The 
Molecular layer is very deep.
9o
Adult Rabbit,
Several specimens have been examined and differ-' 
ent details are brought out by different methods,
Caj'al preparations being most instructive.
Early sections., near the tin of the occipital lobe 
show that the cortical structure is essentially 
similar on both surfaces of the brain but mesially the 
cortex is much narrower and the different layers are 
much reduced. The hinder end of the Rhinencephalic 
area shows a modified structure and occupies about the 
lower fourth of the hemisphere, being separated above 
from the Eeopallium by the Rhinic fissure which is the 
only one present in this region of the brain.
Later sections, advancing into the lobe and cutting 
across the ventricle present a better defined structure 
well worth detailing.
Mesrially the cortex soon becomes divisible into three 
areas, 1 f Upper, which as the upper ends of the
hemispheres /
Hemispheres come together, comes to lie between the 
Corpus Callosum and the superior border in close 
apposition with its fellow of the other side,
2, Middle, very broad at first but gradually reduced« 
It at first possesses the general structure but is 
finally reduced to a fairly wide area containing 
scattered large pyramidal cells, placed under the 
Corpus Callosum,
3, Lower extensive area passing almost to the lower 
border. Between this and the ventricle there is a 
large clear zone, in which there appears a band of' very 
large vertical pyramidal cells which gradually extends 
up and down, placed hear the ventricle, and covered by 
a very deep Molecular layer. The mid-brain gradually 
pushes this area outwards and thins it so that it 
finally becomes interrupted to admit the Choroid plexus. 
The prominent cell layer then ends above and below in 
the characteristic manner^described and one must coramen 
upon the great size of the cells of this layer, On the 
fact that they are set vertically and send their apical 
processes right out to the surface. These large cells 
belong to the Cornu Ammonis.
The iTeopalllal cortex calls for special description 
and can be divided into three areas
Area I , which extends from the superior border down to 
a short distance above the Rhinic fissure. This cortex 
has the following lamination 
1« A Molecular layer of ordinary type.
2, Layer of small and medium sized pyramidal cells 





A d u lt RABBIT,
NOTE.
1. Lamination very distinct.
2. Deep pyramid cells' relatively abundant.
3. Superficial pyramids mostly medium.
3, Broad layer of small irregular or angular cells,
4, Fairly deep layer of very large pyramidal cells 
which forms the most notable feature of this area of 
cortex, Cajal preparations display these cells 
particularly well and show that they are nearly all 
elongated pyramids placed vertically, several short 
processes arise from the base and the apex is prolonged 
into a dendron of great length which passes right out 
to the surface layers. These dendrons run a straight 
course, show numerous fine varicosities and talcen 
together give the cortex a mar iced radial striatum.
They give off numerous collaterals which help to form 
bands of fibres running parallel to the surface.
5, A narrow but distinct open reticular layer contain­
ing scattered small cells,
6, Broad layer of small and medium sized irregular 
cells, some spindle-shaped, others pyramidal with 
occasional large pyramids which send their apical 
processes outwards for a considerable distance.
Area II - which lies between the lower end of the 
previous one and the Rhinlc fissure.
In this the.peripheral pyramidal cells are not so 
numerous, and the outermost are specially prominent 
being large and deeply stained, the large cells placed 
deeply do not stain so well and are less definite, and 
the reticular layer beneath is practically absent, and 
the whole brain wall is thinner.
Area III, The apposed mesial surface, In this the 









Large deep pyramidal cells - their erect
position and their prominent apical processes.








I. The corticipital apical processes 
large deep pyramids
The_^Mn_lc_^Tea^ which extends from the fissure to the 
lower border and ends on the mesial surface, presents 
special features,
1. The Molecular layer is very deep,
2. The outer cell layer consists of large darkly 
stained pyramidal cells set quite irregularly. These 
cells show a marked tendency to he aggreagated into 
small clumps, a point noted in this area in other 
brains,
3. A broad band of scattered small and medium sized 
cells,
4-, A clear reticular layer in the middle of which 
there are a few very large pyramidal cells evidently 
corresponding to the layer of similar cells in the 
rest of the cortex,
5, A fairly deep layer of medium and large cells set 
quite irregularly.
The large size of the cells in the Rhinic area is very 
striking,.
The Ependymal Epithelium consists of one or two layers
E g 3 r.Tr -sa5L-.»aj?s;.'m •—  s fe ssag  ■ • — — : —  -------------------   ■-------
of flattened or cuboldal cells.
Around the ventricle there is a zone of fibres, broader 
externally and scanty mesially, in which the fibres are 
wavy and run parallel to each other, passing off from 
the upper end of the ventricle to become continuous 
with the fibres of the Corpus Callosum.
The Choroidal Epithelium consists of a layer of 
Cuboidal cells very different from those of the 
Embryo.,
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L  The brain of the 2cm foetus as might be expected 
from the shorter gestation period of the rabbit, shows 
a much greater degree of differentiation than sheep or 
pig embryos of the same length. The cortex is aireadj- 
subdivided and the upper and lovfer parts of the 
hemisphere differ in structure, thus probably indicat­
ing the division between the Neopallium and Rhinen- 
cephalon.
2, The full time brain presents the same general 
features as the adult,but the cells are not so well 
developed and dark staining fibres so prominent in the 
adult are wanting.
3. The adult occipital region presents some well 
marked characters. The heopallic cortex has in great 
part become divided into six or perhaps seven very 
distinct lajrers and of these the most outstanding and 
characteristic on the lateral surface is the deeply 
placed layer of large pyramidal cells. One must 
comment, specially on these cells for they are the most 
remarkable present in this area. Their vertical 
position, size and processes, notably the apical 
dendron which extends right out to the surface are 
very striking. The radial striatum produced by these 
fibres is also very marked,
Mesiallv on the surface in apposition with the mid- 
braift the most notable feature is the narrow band of 
very large pyramidal cells which lie close to the 





dendrons which pass outwards and produce a mar iced '
radial striatum of the overlying Molecular layer.
Hence we may say that the most outstanding feature on
hoth mesial and lateral surfaces is the presence of a
layer of very large vertical cells and mesially it
whilecomes to he the only oney laterally it is one of 
several layers.
The Rhlnlc Area,, presents a special structure, the most 
prominent features Toeing the predominance of large 
cells set irregularly, the tendency of the outermost 
cells to form clusters, and the deep molecular layer.
The Visual Area. There is 110 trace of a Calcarine
fissure to which to relate it, and moreover the cortex 
of the apposed mesial surfaces of the hemispheres is 
so poorly developed that it is unlikely to he connect­
ed' with the visual function. The Visual Area hence 
prohahly lies entirely on the lateral surface, in that 
extensive area of cortex in which the laminated 
structure is so definite.
102,
This is a smooth brain and the chief sulcus 
visible in the posterior part is the Rhfnic, placed near 
the lower "border of the hemisphere. A very faint 
depression externally and a change in structure 
internally probably mark the position of the lateral
fissure not far from the upper border.
Calcar in a-“The/intercalary fissure is absent.
The Neopallic cortex presents certain features 
of interest and is capable of division into areas 
characterized by some modifications in structure and 
the further forwards the sections pass, the better 
marked does this become.
On thejlesial surface
as the sections pass forwards gradual 
changes occur. The essential point in these is the 
disappearance of the superficial pyramidal cell layers 
of the cortex and the predominance of the large cells 
of the 5th. layer, which cells go to form the prominenjt 
cornu ammonis. The corpus callosum appears and comes 
to separate the true mesial surface of the hemisphere 
forms the part below,which is closely applied to the 
Mid brain. This lower part is finally thinned and 
interrupted to admit the Choroid Plexus to the 
Ventricle,
The Ueopallic Cortex
which extends from the corpus callosuin 
to the Rhinic fissure is divisible throughout into six 
layers but there are well marked differences in
different /
Adult Guinea Dig.
The general type of Lamination is as follows
I  OS-
different areas in the individual layers.
1. Molecular layer of average depth and possessing
two types of cells, the larger and scantier lying 
superficially,
2, Layer of small pyramids.
3. Layer of medium pyramids.
These pyramidal cells are set mostly vertically and
send their apical process out to the surface .
Taken together they form a layer which varies 
considerably in depth at various levels.
4. Fairly broad layer of small round and spindle cells
mixed with larger irregular cells whose processes 
stain feebly,
5, Layer of large pyramidal cells. This is an extrem<|-
-ly well marked layer throughout the cortex, and
its cells are easily the most prominent. They 
are fairly numerous, are set quite vertically 
and send their long apical processes outwards 
amongst the superficial layers of smaller 
pyramids, giving off collaterals on the way.
These cells lie amongst an abundant reticulum, 
contained some small poorly defined irregular 
cells, and the layer forms the most striking 
feature of the ueopallic cortex.
6, Broad layer of irregular angular cells scattered
amongst numerous spindle cells of variable depth 
and blending deeply with the medullary centre.
The cortex extending from the level of the
corpus /
A du lt Guinea P ig.
Lateral Cortex.
1. Lamination very distinct,
2, Six layers.well seen.
S. Abundant large deep pyramids.
corpus callosum to the Rhinic fissure may be di­
vided into three areas by certain differences 
in the several layers,
I. That lying on the Mesial surface and extending from
the Commissure to the Supero-Mesial border of the 
hemisphere. The surface pyramids change their 
type and tend to be replaced by the less well 
defined cells of the fourth layer. The cells are 
mostly fusiform and stain poorly.
The large pyramids are very scanty and are 
replaced largely by badly defined pale cells.
It will be seen therefore that fusion of the 
primary layers tends to occur,and that the total 
depth of the cortex is reduced. This area of 
the cortex is of a more rudimentary type than 
that on the lateral surface.
II, An area extending from the superior border to
near the middle of the outer surface.
In this the different layers are extremely 
clearly defined,owing to the depth of the fourth 
small celled layer,and the large size of the 
giant pyramids beneath.
The superficial pyramids together form a 
fairly broad and well defined layer.
1110 Area lying between II and the Rhinic fissure.
In this the lamination becomes less definite. 
The superficial pyramids are greatly reduced 
though somewhat larger. The fourth layer is 
deeper but the cells are not uniform. The 




irregular and stumpy and near the Rhinic fissure 
are fusiform. The whole area is characterized 
Toy a lack of definition.
The Rhinic Area
conforms to the general type in the 
predominance of a surface layer of large irregular 
darkly stained cells arranged quite irregularly and 
tending to become clustered.
Rear the Rhinic fissure above and below there 
is a gradual transition between the adjacent areas.
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SUMMARY.
  — —  m e  cortex of tlie guinea pig conforms
generally to the type in allied orders.
The large pyramids of the 5th. layer form perhaps 
the most striking feature of the Neopallic Cortex in 
virtue of their size and the length of the apical 
process hut their predominance in the Cornu ammonis 
indicate that they are not of recent evolution.
The Visual Area
It has heen noted that the intercalary 
fissure is absent and that the cortex on the apposed 
mesial surface is more primitive than that in the lat­
eral. it would seem likely therefore that the visual 
area lies entirely on the lateral aspect of the 
hemisphere, probably in Area II, in which the cortical 
lamination is so well defined.
It is in this area that the superficial layers 
of pyramidal cells are most clearly defined.
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Specimens have been examined by different methods 
and the results are very interesting, though, as might 
he expected the structure is very primitive. The 
external surface of the hrain is smooth and the only 
fissure present in the hinder end is the very faint 
groove indicating the position of the Rhinic fissure.
As will he noted later the histological differences 
between the Rhinic and Reopallial cortex are well 
marked -
The Cerebellum is wedged in between the occipital lobes 
and will appear in micro-photographs of the posterior 
portions of the lobes.
Passing into the detailed description of the histology 
of this brain one observes that in sections near the 
tip of the occipital lobes, the cortex differs on the 
mesial and lateral aspects very markedly.
Mesially, the cells are much more numerous and are 
closely packed to form a narrow peripheral layer lying 
beneath the molecular layer. The cells are irregular, 
medium sized, and their processes stain poorly. Lying 
in the white centre between this layer and the site of 
the future ventricle there are a number of scattered, 
well developed and multipolar cells with very definite 
processes, the apical processes being in most cases 
directed outwards. The area containing these cells 
does not extend through the whole length of the mesial 
surface but lies mostly in its lower half. Above and 




Laterally the cortex consists at first of a narrow 
hand of darkly stained multipolar cells larger than 
those in the peripheral layer mesially. The cell 
processes are not very evident and the cells are set 
quite irregularly.
This layer very soon becomes deeper and the cells exter 
inwards towards the centre of the section and are scat 
ered through the white centre.
At the lower border of the brain the cells become
rather wider.
larger and the processes more evident, thus forming a 
very prominent collection of cells in what is probably 
the posterior end of the Rhinencephalic area. At the 
upper border, the structure is less definite and consis 
simply of the mesial and lateral cortex and scattered 
cells lying in the white centre between. This 
difference between the two borders of the hemisphere 
is very well marked.
Sections a little further forwards across the tip of
the ventricle show that a re-arrangement of the cell 
structure has occurred,
Mesially. the peripheral cell layer described above 
has disappeared in about its middle third, and its 
position is occupied by some darkly staining masses, 
possibly neuroglia. The large and well developed 
cells of the deeper layer have become more numerous 
and more definite and send their apical processes 
outwards towards the molecular layer.
Laterally also advances have occurred and the cortex 





The^Cell^Lamination has become well defined and 
consists of six layers
1, Molecular - comparatively narrow and calling for 
no special description.
2, A narrow layer of fairly large multipolar cells of 
variable size, set quite irregular, and possessing 
short and scanty processes.
3, A broad open layer containing small scattered cell^ 
lying in an abundant reticulum.
4, A layer of large angular cells like those of the 
outermost layer but relatively much larger and scantie|r,
5, A deep open reticular layer containing only a few 
small cells,
6, A layer of small fusiform cells set mainly parallel 
to the surface.
Circumferential fibres a,re very prominent and form a 
thick network round the ventricle.
Cortex of the above type extends from the supero-meslal 
border of the hemisphere down to the Rhinic fissure.
On the apposed mesial surfaces the cortex is thinned 
and the cells are scantier and smaller. Whilst later­
ally the Rhinic area is clearly marked off by a change 
in structure,
The more anterior sections show that a re-arrangement 
of structure gradually takes place on the mesial
sur f ac e.
The layer of cells gradually becomes narrowed to form 
an extremely prominent band which corresponds in exten 
to the ventricle.





NOT!;. 1. Poor cellular wealth.
2. Lack of pyramidal cells.
Z. Cortex extends through almost the whole 
thickness of the brain wall.
well stained bodies containing oval nuclei and prominent 
nuclioli. The apical processes are very long, give 
off a few collaterals and extend right out to the 
surface, parallel to one another, thus giving the 
outer part a radial striatum. The basal processes are 
short and scanty and ramify amongst the deeper cells of 
the layer. These large cells are several deep and 
lie upon some deeper rounded or irregular smaller 
cells. They are better defined below and bec-ome 
smaller and more abundant above where the layer thick: 
:ens and ends opposite the upper end of the ventricle.
At this stage a rod-shaped band of small and granular 
cells enclosed by a molecular layer has appeared 
between the mid-brain and the mesial brain wall.
This band becomes progressively larger and a clesr area, 
appears in its centre. Later it becomes triangular 
and consists of small closely packed dark granular 
cells, which surround a clear reticular area in which 
there are a few large angular cells. These steadily 
increase and become re-arranged. The original 
granular layer disappears first on the surface next the 
mid-brain and then on the surface applied to the hemi:
:sphere. In this way the large central cells 
approach the prominent cell layer in the mesial brain 
wall and finally become continuous with it. The layer 
then becomes divided into upper and lower recurved and 
expanded ends between which the brain wall is thinned 
to admit the invaginating choroid plexus.
These structures on the mesial wall of the hemisphere 




Mesial & Lateral walls.
NOTE.
1. Their different appearance.




NOTE. 1. Single layer of large cells with super-,]acent
$tr iat ion.




1. Single layer of large cells.
2. Radial striation Qf super-,jacent part.
I l l
Id y the large size of its cells.
The Corpus Callosum appears as a fairly broad hand 
of transversely running fibres connecting the two 
hemispheres and the fibres become continuous with those 
encircling the ventricle.
The Rhinlc area gradually becomes clearly marked off' 
from the Neopallium, externally by a faint fissure 
and.internally by a change of structure.
Towards the lower limit of the Ueopallium the outer 
cortical cell layer becomes less definite, and then 
suddenly the cells become more numerous, stain b e t t e r  
and have more definite processes. This prominent laye 
extends round the lower border of the hemisphere to 
become continuous with the lower end of the cell layer 
in the mesial wall. There are some very large 
multipolar and fusiform cells remarkably for- their 
size and clear outline, scattered between the periph­
eral layer and the ventricle.
The Ependymal Epithelium is extremely small and the 
cells are poorly marked off from one another. They 
are mostly flattened hut cuboidal cells occur in 
places„
The Choroid Plexus consists of a system of convoluted 
extremely thin walled blood vessels, covered Toy a 
double layer of epithelium. The inner layer consists 
of short cub'oidal cells,with dark round or oval nuclei 




As might Toe expected from the position which 
this animal occupies in the mammalian series, and 
living as it does partly underground and a hibernating 
in season, the brain of the mole shows a low degree of 
development,
1, The most striking feature in the portion of the
brain examined is the remarkable layer of cells present
upon the mesial surface. These cells are extremely
well developed comparatively and their apical processes
extend right out to the molecular layer at the surface
giving off a few collaterals on the way. In fact,
practically all the well developed cells on this
surface of the brain are placed so that their bases
look towards the ventricles- and their apical processes
are directed to the surface. On the lateral - surface.
the /
IIS
the cells are set quite irregularly and this a well 
marked point of difference between the two surfaces of 
the brain. Their size, prominence and high degree of 
development especially of the apical processes make 
one think that this cell layer in the mesial, surface 
must subserve a special function. They belong to the 
cornu ammonis and are concerned in the olfactory sense 
These large cells are therefore characteristic of the 
older part of the brain. The more anterior sections 
show that this layer of cells comes to lie beneath the 
corpus callosum but from this point onwards it appears 
to diminish in importance, becoming divided, and much 
reduced whilst the cells themselves are fewer and less 
prominent.
Further reference will be made to this later.
2- The lateral wall of the brain shows practically 
no separation into cortex and white centre for the 
cells extend throughout its whole thickness. They 
can be divided into five layers of which the external, 
middle and internal possess the largest cells. The 
deepest cells outside the ventricle are mostly placed 
parallel to its surface, whilst the cells of the other 
layers are placed quite irregularly.
3. The upper ends of the hemispheres which are of 
apposed to each other above the corpus callosum show 
a less definite structure than the lateral surface 
for the cells are fewex, stain more faintly and are 
perhaps a little smaller. This area which is the site 
of the calcarine fissure or splenial complex in higher 
types of brain is quite smooth and there is no special
modification /
modification of cell structure and one is not inclined 
to allot any special function to it,
4, The Rhlnic area is even in the earliest sections 
clearly marked off from the Neopallic cortex, and this 
becomes more definite in the more anterior sections.
It is characterized by the large size and dark staining 
of its cells:,
Ihe cells generally do not show a great development 
of processes and in most cases possess only apical, 
and two or three basal processes in the case of the 
multipolar cells.
6, The extremely narrow layer of superficial angular 
cortical cells is worth noting as indicating the 
primitive type of brain.
114-
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Early Development of the Occipital Cortex
in__ tue Jíuman_ Embryo»
II
.The youngest specimen examined vras estimated to be 
about 23 days old and was 4.5 mm. long. The hemisphere 
are as yet unformed and the neural tube displays a very 
primitive structure, the wall consisting of a thick 
layer of closely paclced dark staining neuroblasts 
enclosed between an internal and external limiting 
membrane. The thiclcness of the neural tube is greatly 
reduced dorsally and ventrally.
-The next specimen 'was estimated to be about the end of
33mm longthe 2ndy month and really forms the starting point of 
the series. The structure of the brain wall in the 
occipital region corresponds very closely to the 
description given by His in his "Development of the 
Human brain in the Early months" and consists of the 
following layers from within out,
1. Epithelial layer, the bases of the cells being 
separated from the Ventricular cavity by a very definite 
Int. Limiting membrane. Amongst these cells are numei 
ous large rounded cells (the Keimzellen of His) which 
are evidently undergoing very active mitosis, as they 
show the figures very well.
2. Cellular or Mantle^ layer which consists of a broad 
zone of closely packed darkly stained young nerve cells 
which at this period are rounded or pyriform with a 
short pointed process arising from one pole. These 
cells are very numerous and are supported by a fairly 
abundant mature, and they constitute the most important
element /
element of the brain wall at this stage, and in the 
later stages of development will be shown to undergo 
certain very striking changes, finally coming to form 
in great part, the grey cortex of the adult.
3. Perinheral Reticular^layer which is built up of 
a coarse reticulum of fibres with a few small cells 
scattered through it. These cells are of a different 
type from the Heuroblasts of the mantle layer and His 
believed them to be glia cells.
Between this outer reticular lâ rer and the Mantle layer 
there is a narrow and indefinite stratum containing a 
few neuroblasts which have evidently wandered out from 
the deeper layer of cells, and His describes this as a 
definite fourth layer in the 2 months foetus, under the 
name of the ‘Zwischen Schist1.
Qn tracing the sections forwards into the hemisphere 
certain changes occur on both surfaces. Hear the 
posterior extremity of the ventricle the brain wall is 
of about equal thickness on both siirfaces but further 
forwards the middle portion of the mesial Tfall becomes 
much thinned and consists simply of the Epithelial layer 
and a thin layer of Heuroblasts, Between this thin 
portion and the lower pole of the ventricle there 
gradually appears an oval cellular mass vfhich projects 
into the ventricular cavity and evidently represents 
the rudiment of the Basal Ganglia,
The thinner portion gradually becomes invaginated into 
the cavity of the lateral ventricle by a large thin 
walled blood vessel which descends from above in the 
interval between the mid-brain and the hemisphere,
This /
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more distinct as the sections pass forwards.
7 cms,1ong
.A foetus at the beginning of the 3rd, month ̂ shows a
This invaglnated portion which constitutes an early 
stage of the Choroid Plexus is at first a short process 
with an expanded extremity which has a wavy outline, 
and the point of entrance lies opposite the upper end 
of the Foramen of Monro.
On the lateral surface the ‘Zwischen schict' "becomes
117
very definite advance in train structure, for the whole 
wall is thicker and the outer cellular layer which is 
later to develop into the cortex is very definite.
The cells have by this time advanced from the pyriform 
neuroblastic stage and are mostly "bipolar.
The layers of thè "brain wall from within out are 
(following I-Iis.)
1* Matrix layer with the round 'Keimzellen' lying 
around the ventricle. The term "matrix" includes the 
Epithelial cells lining the ventricle and a fairly 
"broad band of closely packed bipolar cells which 
correspond to the deeper portion of the mantle layer 
described in the previous specimen,
2. »Zwischen Schict* which is divided into an inner 
cellular part and an outer reticular, part containing 
scanty cells and formed mostly of tangentially running 
fibres,
3 - Peripheral Cortical Cellular layer which forms a
narrow but very definite layer which is best marked On 
the lateral surface, whilst mesially it becomes gradual 
attenuated towards the lower border of the hemisphere 
4 ' jLQglJPheral reticular layer (velum marginale) in 
which there are now numerous cells. From now onwards
this /
iy
tills will Toe spoken of as Molecular layer, and it 
together with the subjacent band of cells constitutes 
the very definite though elementary cortex of the foetu 
at this stage, and is the most important division in 
the bra 1 n wal 1.
In the later part of the 3rd, month all these changes 
become more distinct and the cells of the cortical 
layer become more numerous owing to the emigration 
outwards of numerous cells from the matrix layer.
A foetus in the 4-th, month 16 cms. shows a great advanc
and the condition present more closely resembles that
In the adult, and the Calcarine fissure Is now very
well formed, and the changes may be mentioned briefly.
1. The cortical layer of cells has steadily increased
in depth and is fully twice as deep as in the early
part of the 3rd. month. As yet there is very little
sign of this important layer being differentiated into
sub-laminae, but the cells in the outermost part
beneath the molecular layer are more closely packed
and form a broad darkly stained zone. Beneath this
there is a slightly opener layer in which the cells are
not so abundant, and lying deepest of all there is
another zone in which the cells are closely packed but
do not form such a dense layer as externally. This
arrangement is fairly well marked on the surface just
above the Calcarine fissure, but at the bottom of the
fissure the cellular cortex is much reduced,
2 ’ The intermediate layer or 'Zwischen schict1 has
become broader and forms the white or medullary centre
and consists of fibres and numerous small cells,
3, The Matrix layer has become subdivided and accordiri,
to /
to His forms 5 layers "out as these are of minor 
importance they need not he detailed.
I have dealt merely with the differentiation of the 
Drain '«all of the occipital region, from the earliest 
stage up to the time when a well formed hut as yet 
undifferentiated cortex appears.
The changes which occur subsequently in the cortex up 
to the stage of full development, and the formation of 
the characteristic Human Visual Cortex about the 
Calcarine fissure in the 5th, and 6th. months, have 
been so fully worked out and figured by Shaw Holton 
and Brodmann that it is unnecessary to go further.
The early developmental stages will be seen to corres­
pond very closely with those previously described in 
the various series of lower animals. The subsequent 
changes are co-related with the increase in size and 
importance of the occipital lobe and the specialization 
of its cortex.
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HUMAN, 4 .5  m. m.
I. Very early stage of Brain wall.
2.. Large- pyriform Neuroblasts.




1». Peripheral reticular layer.
2. Prominent Mantle layer.
3. Ependymal cells not very distinct.
HUMAN . 4Oman.
L.Calaar ine fissure well marked.
2. Differentiation of Brain wall well defined..
3. Cortex represented by the prominent peripheral 
cell layer - as yet undifferentiated.
'This layer is much reduced in the mesial wall.
HUMAN . 40 mm. H. Power. 
Calcarine Fis'sure.
I. Prominent cortical cell layer - as yet
undifferentiated. - denser in upper lip of 
fissure..
HUMAN . 4.0 m.m.
I.. Formation of Choroid Plexus by invaginat 
of the thinned mesial wall..
2. Plexus rudimentary.
3. Its relation to the upper limit of the
Foramen of Monro.
Conclusions,
with a brief Review 
of the
G enera l Summary
and
L iterature.
With the exception of the human foetal series the 
theforegoing account of.development and histology of the 
various specimens examined has heen written without anj 
previous reference to the literature. In this way an 
unbiassed description has been given which now comes 
up for comparison with the results obtained by the man,} 
investigators in this field.
Turning to the literature on the subject one found it 
so enormous that only a certain number of the more 
important papers could be consulted,Of these, the 
splendid researches of Campbell and Bolton in this 
country, and His and Brodmann in Germany, have been mos 
useful,




III, Cortical cell lamination,
IV, Development of Brain wall and Cortex.
V, Choroid Plexus.
I« Visual Area
In the short summary given at the end of each 
section some reference has already been made to the 
localization of the Visual Area.
In the^Unp;ulat.e„and Carnivore brains examined it has 
been pointed out that the cortex of the Gyrus Marginal! 
possesses a specially distinctive structure, which 
differs from that on either side of it. These brains 
possess a well marked Calcarine-intercalary fissure, 
the homologies of which have already been discussed,
1*0
but /
lout the Visual cortex is not limited to the neighbour­
hood of the fissure "out extends round the supero-mesial 
"border and »yell down on the lateral surface as far as 
the lateral sulcus. The area is therefore of 
considerable extent for the marginal gyrus is Tooth long 
and broad,
in the Rodents the Calcarine intercalary fissure is 
absent. The cortex of the mesial surface shows an 
indeterminate structure somewhat resembling that of the 
gyrus fornicatus which lies below the calcarine Inter­
calary fissure in the Ungulate brains. One therefore - 
loohs elsewhere for cortex of a distinctive type and 
finds it in the wide area extending from the supero- 
mesial border down on the lateral aspect of the hemi­
sphere to a point not far from the Rhinic fissure and
this is considered to indicate the visual cortex.
Again, the area is of considerable extent.
In the insect Ivore examined the cortical structure has 
been shown to be very primitive, and it would be 
difficult to locate any area probably subserving the 
Visual function. In view of the mode of life and 
almost complete blindness of the mole the area would 
presumably be small, and probably ill-differentiated,
(1) c âmpbell̂  at the end of his splendid monograph on 
the 'Histological Localisation of cerebral Function' 
gives a very valuable appendix of the results obtained 
by an examination of the cortex of one ungulate and 
two Carnivore brains, in these he localizes the 
Visual area with great exactness to the marginal gyrus, 
and states that it is bounded very definitely by the
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Calcarine /
Calcarine-Intercalary and lateral sulci. His descript 
ion of the cell lamination corresponds fairly closely 
with mine, and he gives in addition an account of the 
fibre arrangement, In the pig he finds a very 
characteristic interrupted horizontal band of fibres 
first described by Xaes , and cortex possessing this 
band is exacts limited to the marginal gyrus. While 
in the.adult brain one agrees with this precise 
localization, in the developing brain in the pig and 
sheep, the limitations of the visual area are not so 
clearly defined for it has been sho>m in 13 and 16 cm 
foeti that the cortex in the lower lip of the Calcarine 
intercalary fissure and in the upper part of gyrus 
fornicatus, is particularly well defined.
(2) Brodmann, as the result of his exhaustive researches 
on the "Area striata" or "Calcarina typus" in the 
various groups of mammals, describes a gradual migration 
of the Visual area from the lateral to the mesial 
surface of the caudal portion of the hemisphere as we 
ascend the Mammalian scale,
IIL_ilb̂ l;os_e c t Ivor a he is uncertain as to the exact 
position of the area striata in the almost blind mole, 
but in the better sighted hedge-hog locates a small 
area of striate cortex on the lateral surface.
In the mole brain previously described it 'was impossibl 
to pich out any area to which to ascribe the Visual 
function.
Iil_the^Rodents he finds this area easily definable, of 
considerable extent and placed in the middle part of th 
lateral surface posteriorly. The area that I have
1^2
described /
described as displaying special lamination extends fron 
the supero-mesial border to a short distance above the 
Rhinic fissure.
In the. Ungulates he places the area striata in the 
marginal gyrus but states that it extends below the 
limit of the lateral sulcus, though Campbell in the 
pig localizes the area exactly to the Marginal gyrus,
(3) lioppen and L owens t ein regard the splenial gyrus 
as the homologue of the area striata.
In the Carnivora Brodmann agrees with Campbell in the 
localization of the striate area and places it. in the 
posterior two-thirds of the Marginal gyrus. These 
conclusions in the Ungulates and Carnivores are in full, 
agreement with the results obtained in the specimens 
previously described.
Brodmann further goes on to describe the transference 
of the striate area from the lateral to the mesial 
surface, till in Man the receptive Visual cortex lies 
entirely around the Calcarine fissure on the mesial 
surface though occasionally in the lower types it may 
extend on to the lateral surface as was found by 
Elliot Smith in Soudanese, and by Mott in Chinese and 
Goanese brains,
(4) Munh ahdJBerger experimentally localized the Visual 
area in the Cat and Dog On the lateral surface poster- 
iorly but this does not correspond with the histological 
localization of Brodmann‘and Campbell,
(5) Bolton in a paper on the exact localization of the 
Visual area, in man gives .an import-er* review of th® 
subject,based eo hi'etologv Sc pathologw
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:<n(6) Mott gives a Very interesting survey of the evoluti 
of the Mammalian Visual cortex and associates the 
progressive increase in importance and complexity of 
the Visual area with the full development of Binocular 
Vision and the appearance of a Macula, .He reviews the 
changes from the insectívora with their primitive type 
of cortex up to Man, who possesses two separate Visual 
areas, which probably subserve different functions.
He strongly supports Bolton's hypothesis of the format! 
of the cortex on a "granular" basis, and attaches 
greatest importance to the supra-granular layers of 
pyramidal cells. The granular layer of Bolton and 
Mott is that small celled layer described as (4) or (5) 
in my text, and they regard this as the fundamental 
layer of the cortex, to which additions are made above 
and below, but especially above in the higher orders. 
The overlying pyramidal cells are called supra-gr anular 
In the Mole the supra-granular cortex is extremely
rudimentary and pyramidal cells are practically absent
The paucity and poor development of the surface cells
have been noted in my specimen.
In Rodents the supra granular pyramids- are well
>n
developed and Mott co— relates this with the extensive 
panoramic vision of this group.
In Ungulates the visual area is relatively of large
size and the surface pyramids fairly well developed. 
This group has panoramic plus some binocular vision.
In Carnivores the supra granular layer is particularly
well developed and in both Cat and Dog numerous large 
vertical pyramids are present just above the granular 
layer, Mott co-relates this with Binocular-Stereoscop
v 1 s 1 on /
In Man the supra granular layer has advanced greatly, 
and the small, medium and large pyramids are regarded 
by most observers as the important Visuo-Sensory cells , 
With the histological facts upon which the above 
inferences are based by results are in complete 
accordance.
(?) Watson, also working: on the "granular basis" 
hypothesis has given a survey of the cortex of the 
insectívora. He at first localized the Visual cortex 
of the Mole in an indifferentiated area on the caudal 
infero-mesial aspect of the hemisphere, but in a later 
paper admits that this is probably incorrect.
(8) Abel in a topographical survey of the cortex of 
the guinea-pig comes to the conclusion that the 
sensory area is diffuse.
(9) JBgvan Ley/ls. as far back as 1878 wrote an excellent 
account of the histology of the cortex of the sheep 
and pig, but gave no special consideration to the 
Visual area.
II. Rhinic Area.
Throughout the series of brains examined this has 
been shown to possess a very characteristic cortical 
structure which is of a much more primitive type than 
the overlying Heopalii urn. This might be expected from 
its older position in the process of evolution. In 
all cases it is very clearly demarcated from the 
Heopallic cortex even in the absence of the Rhinic 
fissure.




stage, in the process of development as has "been shown 
in the series of Ungulate, Carnivore and Rodent ‘brains. 
The area is capable of subdivision into three parts
1. Upper .junctional adjoining the Rhinic fissure above 
2» Middle occupying the infero-mesial border of the 
hemisphere and possessing a characteristic structure.
3. Lower Junetional which turns upwards on the mesial 
surface and joins the Cornu Ammonia. The latter is 
characterized by the layer of very large cells and the 
superjacent radial striation.
The central portion of the area calls for special 
c omrnent : -
1, The Molecular layer is very deep and clear,
2, The cells generally are large and differ from those 
of the ITeopallium in being arranged quite irregularly 
and having lost the pyramidal shape, The lamination
is also much reduced,
3, The superficial polymorph cells show a marfeed 
tendency to form clusters. This is extremely 
characteristic of the area in all brains examined,
(10) Professor sch'afer notes the nested arrangement of 
the superficial polymorphs in the Human Hippocampal 
gyrus, Campbell and Brodmann have also drawn attention 
to the above points,
III, Cortical Cell Lamination.
One may say at the outset that the Literature or. 
this subject is complicated by the fact that each 
observer adopts terms of his own for the various layers 
and again differ in the number of layers to be defined 
in the same area of cortex, Brodmann attempts to
reduce /
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reduce the cortex generally to a six-layered type, and 
this I strongly support- Deviations of course occur 
but Brodmann considers that the six-layered, type can 
always be recognised at some period of development,
Tne most interesting variation occurs in the'Human
(11) Visual cortex, which Ca.jal separates into nine layers.
Thus increase results from a splitting of one of the 
primary layers by the fibre layer of c-ennari,
(12) Bolton adopts a very simple nomenclature, based 
according to his own observations upon both function 
and development. He states that the cortex is laid 
down 011 a "granular basis" to which additions are made 
above and below.
The superficial pyramidal cells he calls the supra- 
granular layer, and the deep polymorph the infra-granuljar, 
and to these layers he ascribes different functions.
The Supra granular pyramids are probably concerned with, 
the higher functions associated With increased 
intelligence, according to Bolton's developmental and 
pathological researches, and this view is supported by 
Mott and Cajalo
My observations would support this view for the Carnivcjre 
brains show a much greater development of the surface 
pyramids than any of the lower types, for the layer is 
relatively deep, and the cells can readily be subdivide^ 
into small, medium and large pyramids. In the 
Rodents the layer is considerably reduced and in the 
Mole the surface cells are very scanty and their type 
is altered.
In general 'then^one concludes that the brains examined
conform /
conform to a definite six layered type of cell laminat­
ion o To tnis the Mole is an except ion.
My results also agree fairly closely with those of 
Brodman-n as regards variations in the different layers 
He concludes that-, ascending the Mammalian series, tne 
greatest amount of differentiation occurs in the 
pyramidal layers, which increase in depth; that the 
sixth or deepest layer shows the greatest variation in 
depth - a point which has "been noted in my specimens 
in different areas; that in Rodents the layer of large 
deep pyramids is relatively increased - which point 
has already heen illustrated in the Rabbit,
(13) Jacobi, gives a general survey of cerebral structure 
through the different orders, on the same lines as 
Brodmann and with general similar results,
IV, Development of Brain Wall and Cortex,
16 .0
This has been studied in its various stages in 
full series of Sheep, Pigs and Ferrets, and in Man 
during the earl;y months. The early stages of all 
exactly resemble one another.
The first stage displays the most primitive structure 
of the brain wall, which consists simply of an aggreg­
ation of actively growing and dividing round neuroblast 
enclosed by limiting membranes.
The second stage shows the brain wall to consist of 
three layers conveniently called
1. Peripheral Reticular.
2. Mantle or cellular layer-
3. Ependymal or Epithelial layer.
Of /
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Of these the Mantle is the most important, and around
it centre all the important subsequent changes.
The third stage shows that the outer cells of the 
Mantle layer become split off from the main layer and 
migrate outwards to the periphery where at first they 
form an extremely narrow band. This layer- of cells 
represents the early rudiment of the cellular cortex 
and from now on the foetus embarks upon a second period 
of development in which the cortical band becomes 
greatly increased in depth and complexity till it forms 
the many layered adult cortex.
Co-incident with this the remainder of the original 
mantle layer surrounding the ventricle undergoes a 
steady reduction, being ultimately reduced to .an 
extremely fine layer around the ependyma though at the 
lower pole of the ventricle anteriorly it is increased 
to form the cellular basis of the Basal ganglia,
This splitting of the mantle layer takes place at a ver 
early stage in development for the cortical layer is 
well defined in 4c,m. sheep and pigs and in an 8 mm, 
ferret, The subsequent changes in the cortex consist 
in a rapid increase in depth and complexity, and the 
differentiation of the various layers. Having once 
begun this goes on very rapidly. These changes have 
already been detailed so fully in previous sections 
that no more need be said.
One may conclude that
1, In the Ungulates the period of most rapid cortical 
development occurs between 10 and 20 cms.
2, Cortical differentiation proceeds oari passu with 
cortical fissuration for by the time the foetus has
reached /
readied a length or about 20 cms. the main fissures are 
all well developed and the cortex has attained the 
adult type of cell lamination.
14. Fragnito has described the early development of 
the Mammalian cortex and his results are very similar 
in general to mine. He notes the migration outwards 
of the mantle cells to form the early cortical layer, 
and discusses whether the pointed end of the Heuroblast 
represents the axon,
16. His has described the development of the brain wal
So
in the early months in the Human foetus/completely that 
nothing more need be said, as my results tally very 
closely with his.
Vo The Choroid Plexus.
This has been shown to arise from an invaginatior 
of the greatly thinned mesial brain wall in the region 
of the upper end of that canal which represents the 
Foramen of Monro in the early stages of development.
This invagination is produced by one of the pial blood 
vessels and at first is a short finger-lihe process 
consisting of a central vessel covered by tall columnai 
epithelial cells, subsequently this process becomes 
greatly convoluted and at the same time the Choroidal 
Epithelium undergoes reduction till the cells finally 
become Cuboidal, The resemblance of the Choroidal 
Epithelium to secreting cells has already been commented 
on, and a full description of the development of the 
plexus has been given in the case of the Sheep and Ferret 
illustrated by micro photographs,
15 U
in /
In the adult, the stain of the plexus of the lateral 
ventricle retains its original relation to the foramen 
of Monro,
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In conclusion, I must offer my "best thanks to 
Professor Robinson for his help, and for many stimulat­
ing suggestions.
I must also thank Mr. Ernest Henderson of the 
Anatomy Department for the care and skill he has 
bestowed upon the Micro-photography.
Lastly, I must acknowledge my indebtedness to the 
Moray Research fund, for the defrayal of part of the 
cost of this research.
132
B I B L I O G R A P H Y .
1. Campbell - Studies in the Histological Localiz­
ation of Cerebral Function, 1905.
2. Brodmann - Histologischen Lokalisation der
Grosshirnrinde*Calcarina-typus.
3. Koppen and Lowenstein - Studien Über den Cellenbau
der Grosshirn rinde bei den Ungulaten 
und Carnivoren, und über die 
Bedeutung einiger furchen«
Monatsch^r für Neurol. und Psychiat.
Bd. 18, 1906, H 6 S 481.
4. Munk - Ueber die Functionen des Grosshirns, 1881
5. Bolton - Philos. Trans, of London. B Vol.193,1900
8» Mott - Progressive evolution of structure and
functions of the Visual Cortex in Mammals 
Archiv.of Neurology of the Path. Laborator 
of the London County Asylums, Vol.3,
7, Watson - Archiv, of Neurol. Vol.3. and Proc, Royal
Society, London, series B, vol.77,
Jan. 1906,
8, Abel - Topography of the Cerebral cortex in the
Guinea pig. Proc. Royal Society, Edinb. 
vol.XXXI, Pt.II, 1911.
9, Sevan Lewis - Philos, Trans. of London, 171,1,1880
10. Schafer - Quain's Anatomy, 1908« Pt.IlI,
Neurology Voi.1, p „389,
11« Ca.ial - Hirn rinde des Menschen- Seh-rinde.
12. Bolton - Further advances in Physiology, 1909,
13. Jacobi - Vom Tierhirn zum Menschenhirn,
14„ Tragnito - Alcuni questioni sullo svilluppo dell
corteccia cerebrale nei mammifferi 
Annali di Neurologia, Fase„5-6, 1906.
I-Iis - Entwicklung des Gehirns-ersten Monaten.
References for Fissures
1= Krueg - (a) Ueber die Furschung der Grosshirn­
rinde der Ungulat, Zeitschp fur 
Wissensch. Zoolog. Bd.XXXI, Nov.1878,
S. 308.
(b) Ueber die Furschung der Grosshirn­
rinde der zonoplacent. Saugetiere 
zeitshr. fur Wissensch« zoolog,
Bd c XXX, 1880.
S. Elllot-Smlth - (a) Morphology of Brain, Trans.
Linean soc.Vol.VIII .Pt.10, 
p ,381,
(b) Morphology of the Retro-Calcarine 
region of the Cortex-Cerebri 
Proc »Roy .Soc-.Vol »LXXIII ,1904
3 /
a
Sir William Turner - Convolutions of Brain. Journ,
of Anat, & Phys.Vol.XXV,1890.




Optic Nerve, Chiasma and Tracts 
of a Man
whose Right Eye 
had been enucleated 
one. year before death.
"Appendix of Results obtained from the Examination 
of the Optic Nerves, Cliiasma and Tracts of a 
Human subject from Whom the Right Eye had been 
Enucleated one year before death."
Method of Examination..
The Brain was hardened for a long period 
in Muller-Eormol mixture and then the occipital lobes 
and Optic Apparatus were after hardened in increasing 
strengths of alcohol, Finally the Optic Nerves,
Chiasma and the free portions of the Tracts were 
divided into separate blocks, embedded in Paraffin and 
cut in serial section at a thickness of 10 micros.
1 « ThejCptic Nerves were removed as they emerged from 
the Chiasma, and were sectioned transversely.
2» The Optic Tracts were cut as they emerged from the 
Chiasma in front and at the Crus Cerebri behind, and 
were also cut transversely.
3 * The Chiasma. was cut in serial section from side to 
side in the antero posterior plane. The sections were 
then stained by the Welgert Pal method and counter- 
stained by Van Gieson's stain. Some difficulty was 
experienced at first in getting the sections to take up 
the Acid Haematoxylin and it was found that the best 
results were obtained by incubating them at 37°C. both 
while in the Marchis fluid and in the logwood.
This method has given good general effects in following 
out the course of the path of degeneration and in 
addition some sections have been specially prepared to 
demonstrate the overgrowth of Neuroglia in the degener­
ated areas, The method used was a modification of the
Anil in /
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Anilin Blue method and gave good results.
1, Stain sections with 1 jo Anilin Blue 15-20 mins.
2, Wash well with D-water to remove the excess of 
stain, but be careful not to take out too much of the 
colour as this is readily done. The sections should 
be of a deep blue colour finally,
3, Dry completely as in making a film preparation.
The Right Optic Nerve. The sections show an entire 
absence of myelinated nerve fibres and bleached with 
great rapidity, The Neuroglia has proliferated and this 
Sclerosis is most marked centrally. The Weigert 
preparations show a lack of detail, and the Anilin-Blue 
method gives a clearer picture of the Neuroglia, The 
Central Sclerosis is again very clearly marked, both 
under low and high forms. The Neuroglia cells are of 
varying size, both types appear to be present and they 
possess a wealth of fibres. These radiate from the 
cells and form a close interlacement throughout the 
section, especially centrally, while peripherally the 
network is opener. There is no evidence of any 
normally staining fibres.
The Left Optic Nerve. The sections have taken up and 
retained the acid logwood quite normally. The Nerve 
fibres are deeply stained and towards the centre appeal 
to be uniformly smaller and more closely packed than 
at the periphery.
There is no trace of any degenerated fibres passing 
outwards in the nerve,
Anilin Blue preparations display the neuroglia which
is small in amount and scattered throughout the section*







L e f t  Optic -Nerve,
Weigert Pal.
NOTE.
Normal staining of section.
The Optic Chiasma, The degenerated fibres will be 
traced backwards through the Chiasma from their entrance 
by the Right Optic Rerve, and the sections will be 
considered from right to left.
The earliest sections show the degenerated Right nerve 
entering the Chiasma and the most external fibres pass 
bach to enter the Right Optic tract where they mingle 
with normally staining fibres while the inner fibres 
pass obliquely bach and to the left to enter the 
Chiasma, Later sections show this better and the 
degenerated fibres entering the Right tract are seen 
to tahe up their position mostly to the centre and inne 
side, whilst externally there are normal fibres. The 
sclerosed tissue is well defined, being deeply stained 
by the- fuchsin and it appears as wavy bundles of 
fibres. In later sections the central position assumqd 
by the degenerated fibres in the Right tract is still 
better defined and this will be referred to later under 
the description of the Right Tract,
Later sections show that the decussating degenerated 
fibres from the Right Optic Nerve are placed dorsally 
where they form a triangular area of degeneration with 
the apex behind. As the sections approach the centre 
of the Chiasma the degenerated area occupies the anterior 
part of the Chiasma and extends backwards as a 
triangular strip dorsally.
Later the degenerated area seems to extend still 
further to the dorsal aspect, and a band of normal 
fibres passes forward into the anterior part of the 
Chiasma and lies behind its anterior free border.
Still /
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1. Section from right side of Chiasma.
2. Crossing degenerated fibres from Right Optic
Nerve lying dorsally,and extending forwards 
into the free border..
Still later sections show that the degeneration gradually 
becomes more centrally placed and is surrounded by 
normal fibres. These appear as a narrow strip dorsally 
and this gradually widens and pushes the degenerated 
fibres nearer the centre.
At this point two additional points of Interest may
be noted
1. In the grey matter of the Locus Performatus Anticue 
a very distinct group of deeply staining medullated 
Nerve fibres appears lying quite behind the Chiasma.
2. Near the centre of the Chiasma a large blood vessel, 
appears, and this tabes a peculiar curved course 
through the Chiasma towards its anterior part. It 
arises from a fairly large trunk on the dorsal aspect, 
runs parallel to and near the upper surface and then 
near the junction of the anterior fourth and posterior 
three fourths of the Chiasma curves downwards and for­
wards to reach the Under surface where it ends in small 
branches. The size and course of this vessel make 
one suggest that it may be of some clinical and 
pathological importance, for Thrombosis or Embolism 
might occur in it and lead to one or other type of 
Hemianopia. Similarly the pressure exerted by an 
enlarged Pituitary might affect it injuriously and lead 
to changes in the Chiasma either mechanically or by 
acting on the blood flow. It may be an. inconstant 
vessel but its presence in this case is worth noting.
The decussating degenerated fibres in their course to 
the left tract have been shown to become centrally 
placed as the centre of the Chiasma is reached and






1. Section from centre part of Chiasma..
2, Crossing degenerated fibres from Right Optic ;
Nerve lying centrally in the concavity of 
the vessel.




1. Section from left border of Chiasma.
2. Normal dark fibres of Left Optic Nerve.
o.. Crossed degenerated fibres from Right Optic Nerve
lying ventrally.
leave tlie centre and to pass more vent rally, till 
finally it forms a. triangular area extending from the 
anterior edge of the Chiasma back to the base. Hence 
a very distinct change occurs as the degenerated fibres 
from the Right Optic Nerve pass across to join the 
Left Optic Tract, for in this case they lie first 
dorsally, gradually become central and finally lie 
entirely ventrally in the Chiasma.
As the sections approach the entrance of the Left Optic 
Nerve the ventral degeneration is better seen and is 
covered dorsally by deeply staining fibres running 
transversely and obliquely. The normal Left Optic Nerv 
then appears sending its fibres back into the Chiasma. 
Anteriorly the degenerated and normal fibres are clearl]y 
demarcated but posteriorly they mingle to some extent. 
Later sections show a narrow strip of degeneration 
passing forwards towards the entering Left Optic Nerve 
wedged in between normal fibres, and at the left edge 
of the Chiasma the degenerated and normal fibres mingle 
still more closely as the direct fibres from the Left 
Nerve meet those which have crossed from the Right.
As the sections pass into the issuing Left Optic Tract 
the line between normal and degenerated fibres is 
indistinct but ventrally there is a distinct band of 
total degeneration and the fibres which stain most 
deepljr are central.
The final sections give a similar result and the degen­
erated fibres have become peripheral and are placed 
chiefly on the ventral surface of the Left Optic Tract,
Right Optic Tract. In the transverse sections the 







Central degeneration extending into attached 
border.
centrally and extend into the attached border of the 
tract. Around the Periphery the fibres appear quite 
normal and stain deeply, and are divided into two layer 3:- 
1« Peripheral, where the fibres are larger in size and 
fewer in number.
2. Deeper, which lies between the periphery and the 
degenerated central fibres. Here the fibres are closely 
packed and are of uniform small size, Weigert prepar­
ations show a lack of detail but the Anilin-Blue method 
brings out the details of the Sclerosis- The central 
area of the tract is occupied by proliferated Neuroglia 
tissue, consisting of cells of varying size and the 
network formed by their fibres. The sclerosed area 
is clearly marked off from the normal which shows only 
a few Neuroglia cells here and there, and the Sclerosis 
extends towards the attached border of the tract.
The peripheral neuroglia is also well stained and is 
remarkable for the large size of the cells. Lying at 
the base of the tract there is a separate and very 
distinct group of deeply staining medullated fibres 
lying quite apart from the actual tract.
Left Optic Tract. This shows entirely different 
appearances from the Right'Weigert preparations show 
the crossed degenerated fibres from the Rhigh Optic 
Nerve placed peripherally.. They occupy the free border 
of the tract and extend thence round the lower border 
right to the base.
Anilin-Blue preparations show greater detail and 
define the limits of the sclerosed area quite definitely. 
The Neuroglia has markedly proliferated and the
peripheral /
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Le ft  Optic Tract,
Weigert pal.
NOT E.
Peripheral degeneration especially at the free 
border and along the lower surface.
peripheral situation of the degenerated fibres is very
distinct«
Lying close to the attached border of the tract there 
is a group of deeply stained fibres similar to that 
on the Right side.
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Conclusions» One must conclude from a study of 
this particular case that
1 - The..Lirect _fibres of the Right Optic Nerve (degen­
erated) pass bach and assume a more or less central 
position in the Right Optic tract,
osse-Lfibres from the Right Optic Nerve, 
after reaching the Left side assume a peripheral 
position, lying mostly on the lower aspect of the Left 
Optic tract. This of course only holds for the
portions of the optic tracts examined, and vfhether the 
degenerated fibres change their position remains to be 
seen in the examination of those parts of the tracts 
connected with the mid-brain.
3c These Crossed fibres at first lie dorsally in the 
Chiasrna, become central near the centre of the Chiasma 
and finally become ventral before entering the Left 
tract.
pro—4= The/portion of crossed and direct fibres from the 
Right Optic Nerve is roughly the same.
5- There is no evidence of any undegenerated fibres in 
the Right Optic Nerve. At first sight there appeared, 
to be a few medullated fibres placed peripherally but
on /
on closer examination these were seen to be elastic 
fibres belonging to minute blood-vessels'. There is, 
therefore, no evidence of Centrifugal fibres passing 
out in the Right Optic Nerve to the Retina..
The failure to find the above sets of fibres in this 
case perhaps depends upon a lach of refinement in the 
staining methods.
Most observers agree that these efferent fibres are of 
much finer calibre than the afferent.
6. The separate band of daric stained medullated fibres 
which appear at the base of each optic tract and cross 
in the Chiasma is apparently a separate commissural 
band and has no connection with the Optic Nerves.
It is Gulden*s commissure and connects the mesial 




The Literature on this subject may now be referred to 
briefly«, m  some lower mammals such as the mouse the 
decussation of the Optic fibres in the Chiasma is 
complete but in the higher mammals and in Man it is 
only partial as is definitely proved for the case just 
described, The relative position of the crossed anil 
direct fibres in the Chiasma and tracts is variously 
stated by different observers. In the present case 
the degenerated fibres from the Right Optic Nerve take 
up very definite positions in the Chiasma and tracts 
and my conclusions are supported by many other cases. 
Warrington and Dutton (1) describe a case of Right 
Optic Atrophy very similar to mine, with very similar 
results. They note the presence in the degenerated 
nerve of scattered small undegenerated fibres, and 
state that similar small fibres occur in the degenerate 
portions of the Tracts, These are considered to be 
centrifugal,
Williamson (2) gives a very clear account of a similar 
case.
Purtscher (3) describes six similar cases,
Hellandal (4 ) and Siemerling (5) also have
described like cases.
It has been noted in the present case that there is no 
trace of degenerated fibres in the Left Optic Nerve 
and therefore no evidence of the presence of Inter- 
Retinal fibres &&&- the Vordere Bogen Commissur of 
Stilling.
There is however some pathological and experimental 
evidence of the existence of such fibres.
Parsons ;
m
Parsons (6) in the course of an experimental invest­
igation in monkeys found that after producing lesions 
in one eye, degeneration existed in both Optic nerves. 
Dean and Usher (7) and Pick (8) obtained similar 
results„
It has been suggested that these inter retinal fibres 
perhaps arise from a division of the Optic nerve fibres 
for Cajal has proved that they bifurcate. The 
degenerated fibres in the opposite nerve may therefore 
represent branches from the injured side.
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